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10xx(a)

(Mn  1.00% max )

11xx

12xx

15xx (max Mn  range- 1.00-1.65)
13xx Mn 1.75

23xx Ni 3.50

25xx Ni  5.00

31xx Ni 1.25;Cr 0.65 0.80

32xx Ni 1.75;Cr 1.07

33xx Ni 3.50;Cr 1.50 1.57

34xx Ni 3.00;Cr 0.77

40xx Mo 0.20 and 0.25

44xx Mo 0.40 and 0.52

41xx Cr 0.50, 0.80 and 0.95;Mo 0.12, 0.20, 0.25 and 0.30
43xx Ni 1.82; Cr 0.50 and 0.80; Mo 0.25
43BVxx Ni  1.82; Cr 0.50; Mo 0.12 and 0.25;V 0.03 minimum
47X Ni  1.05; Cr 0.45; Mo 0.20 and 0.35

81xx Ni  0.30; Cr 0.40; Mo 0.12

86xx Ni  0.55; Cr 0.50; Mo 0.20

87xx Ni 0.55;Cr 0.50; Mo 0.25

88xx Ni 0.55; Cr 0.50; Mo 0.35

93xx Ni 3.25;Cr 1.20; Mo 0.12

94xx Ni  0.45; Cr 0.40; Mo 0.12

97xx Ni  0.55; Cr 0.20; Mo 0.20

98xx Ni  1.00; Cr 0.80; Mo 0.25

46Xx Ni 0.85 and 1.82; Mo 0.20 and 0.25

48xx Ni 3.50; Mo 0.25

50xx Cr 0.27, 0.40, 0.50 and 0.65

51xx Cr 0.80; 0.87, 0.92, 0.95, 1.00 and 1.05




501xx Cr 0.50
511xx Cr 1.02
521xx Cr 145
61xx Cr 0.60,0.80 and 0.95; V 0.10 & 0.15 minimum
72xX W 1.75; Cr 0.75
92xx Si 1.40 and 2.00; Mn 0.65, 0.82 and 0.85; Cr 0 and 0.65
9xx SAE
XXBXX B
XXLXX L
€] XX

Source: ASM Handbook Vol. 1, page 148, 11. http://products.asminternational.org/hbk/index.jsp

1A -

SAE# | % (a)

G10050 1005 0.06 max 0.35 max_[0.040 0.050
G10060 |1006 0.08 max 0.25-0.40 (0.040 0.050
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G10080 (1008 0.10 max 0.30-0.50 |0.040 0.050
G10100 (1010 0.08-0.13 0.30-0.60 |0.040 0.050
G10120 (1012 0.10-0.15 0.30-0.60 |0.040 0.050
G10130 (1013 0.11-0.16 0.50-0.80 |0.040 0.050
G10150 (1015 0.13-0.18 0.30-0.60 |0.040 0.050
G10160 ([1016 0.13-0.18 0.60-0.90 |0.040 0.050
G10170 (1017 0.15-0.20 0.30-0.60 |0.040 0.050
G10180 (1018 0.15-0.20 0.60-0.90 |0.040 0.050
G10190 (1019 0.15-0.20 0.70-1.00 |0.040 0.050
G10200 (1020 0.18-0.23 0.30-0.60 |0.040 0.050
G10210 (1021 0.18-0.23 0.60-0.90 |0.040 0.050
G10220 (1022 0.18-0.23 0.70-1.00 |0.040 0.050
G10230 (1023 0.20-0.25 0.30-0.60 |0.040 0.050
G10250 (1025 0.22-0.28 0.30-0.60 |0.040 0.050
G10260 (1026 0.22-0.28 0.60-0.90 |0.040 0.050
G10290 (1029 0.25-0.31 0.60-1.90 |0.040 0.050
G10300 (1030 0.28-0.34 0.60-0.90 |0.040 0.050
G10350 (1035 0.32-0.38 0.60-0.90 |0.040 0.050
G10370 (1037 0.32-0.38 0.70-1.00 |0.040 0.050
G10380 (1038 0.35-0.42 0.60-0.90 |0.040 0.050
G10390 (1039 0.37-0.44 0.70-1.00 |0.040 0.050
G10400 (1040 0.37-0.44 0.60-0.90 |0.040 0.050
G10420 (1042 0.40-0.47 0.60-0.90 |0.040 0.050
G10430 (1043 0.40-0.47 0.70-1.00 |0.040 0.050
G10440 |1044 0.43-0.50 0.30-0.60 |0.040 0.050
G10450 (1045 0.43-0.50 0.60-0.90 |0.040 0.050
G10460 (1046 0.43-0.50 0.70-1.00 |0.040 0.050
G10490 (1049 0.46-0.53 0.60-0.90 |0.040 0.050
G10500 (1050 0.48-0.55 0.60-0.90 |0.040 0.050
G10530 [1053 0.48-0.55 0.70-1.00 |0.040 0.050
G10550 ([1055 0.50-0.60 0.60-0.90 |0.040 0.050
G10590 (1059 0.55-0.65 0.50-0.80 |0.040 0.050
G10600 (1060 0.55-0.65 0.60-0.90 |0.040 0.050
G10640 |1064 0.60-0.70 0.50-0.80 |0.040 0.050
G10650 ([1065 0.60-0.70 0.60-0.90 |0.040 0.050
G10690 (1069 0.65-0.75 0.40-0.70 |0.040 0.050
G10700 (1070 0.65-0.75 0.60-0.90 |0.040 0.050
G10740 |1074 0.70-0.80 0.50-0.80 |0.040 0.050
G10750 (1075 0.70-0.80 0.40-0.70 |0.040 0.050
G10780 (1078 0.72-0.85 0.30-0.60 |0.040 0.050
G10800 (1080 0.75-0.88 0.60-0.90 |0.040 0.050
G10840 |1084 0.80-0.93 0.60-0.90 |0.040 0.050
G10850 (1085 0.80-0.93 0.70-1.00 |0.040 0.050
G10860 (1086 0.80-0.93 0.30-0.50 |0.040 0.050
G10900 (1090 0.85-0.98 0.60-0.90 |0.040 0.050
G10950 (1095 0.90-1.03 0.30-0.50 |0.040 0.050
€)] 4 0.10 max
0.10-0.20%; 0.15-0.35%; 0.20-0.40%;  0.30-0.60%. 0.15-0.35%
L (10L45); 0.0005-0.003%B B (10B46)
Source: ASM Handbook Vol. 1, page 149, table 12. http://products.asminternational.org/hbk/index.jsp
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1B -

UNS #

% (a)

SAE - ¢ Mn P , |[s ,
AlISI # max max
G10060 |1006  |0.80 max |0.45max |0.040  |0.050
G10080 |1008  |0.10 max |0.50 max  |0.040  |0.050
G10090 |1009  |0.15max |0.60 max  |0.040  |0.050
G10100 |1010  |0.80-0.13 |0.30-0.60 |0.040  |0.050




G10120 |1012 0.10-0.15 |0.30-0.60 0.040 0.050
G10150 |1015 0.12-0.18 |0.30-0.60 0.040 0.050
G10160 |1016 0.12-0.18 |0.60-0.90 0.040 0.050
G10170 |1017 0.14-0.20 |0.30-0.60 0.040 0.050
G10180 |1018 0.14-0.20 |0.60-0.90 0.040 0.050
G10190 |1019 0.14-0.20 |0.70-1.00 0.040 0.050
G10200 |1020 0.17-0.23 |0.30-0.60 0.040 0.050
G10210 |1021 0.17-0.23 |0.60-0.90 0.040 0.050
G10220 |1022 0.17-0.23 |0.70-1.00 0.040 0.050
G10230 |1023 0.19-0.25 |0.30-0.60 0.040 0.050
G10250 |1025 0.22-0.28 |0.30-0.60 0.040 0.050
G10260 |1026 0.22-0.28 |0.60-0.90 0.040 0.050
G10300 |1030 0.27-0.34 |0.60-0.90 0.040 0.050
G10330 |1033 0.29-0.36 |0.70-1.00 0.040 0.050
G10350 |1035 0.31-0.38 |0.60-0.90 0.040 0.050
G10370 |1037 0.31-0.38 |0.70-1.00 0.040 0.050
G10380 |1038 0.34-0.42 |0.60-0.90 0.040 0.050
G10390 |1039 0.36-0.44 |0.70-1.00 0.040 0.050
G10400 |1040 0.36-0.44 |0.60-0.90 0.040 0.050
G10420 |1042 0.39-0.47 |0.60-0.90 0.040 0.050
G10430 |1043 0.39-0.47 |0.70-1.00 0.040 0.050
G10450 |1045 0.42-0.50 |0.60-0.90 0.040 0.050
G10460 |1046 0.42-0.50 |0.70-1.00 0.040 0.050
G10490 |1049 0.45-0.53 |0.60-0.90 0.040 0.050
G10500 |1050 0.47-0.55 |0.60-0.90 0.040 0.050
G10550 |1055 0.52-0.60 |0.60-0.90 0.040 0.050
G10600 |1060 0.55-0.66 |0.60-0.90 0.040 0.050
G10640 |1064 0.59-0.70 |0.50-0.80 0.040 0.050
G10650 |1065 0.59-0.70 |0.60-0.90 0.040 0.050
G10700 |1070 0.65-0.76 |0.60-0.90 0.040 0.050
G10740 |1074 0.69-0.80 |0.50-0.80 0.040 0.050
G10750 |1075 0.69-0.80 |0.40-0.70 0.040 0.050
G10780 |1078 0.72-0.86 |0.30-0.60 0.040 0.050
G10800 |1080 0.74-0.88 |0.60-0.90 0.040 0.050
G10840 |1084 0.80-0.94 |0.60-0.90 0.040 0.050
G10850 |1085 0.80-0.94 |0.70-1.00 0.040 0.050
G10860 |1086 0.80-0.94 |0.30-0.50 0.040 0.050
G10900 |1090 0.84-0.98 |0.60-0.90 0.040 0.050
G10950 |1095 0.90-1.04 |0.30-0.50 0.040 0.050
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@)
0.25%,

Source:

0.15-0.35% .

1025

0.15-0.35%

1025

0.10%

ASM Handbook Vol. 1, page 150, table 13. http://products.asminternational.org/hbk/index.jsp

2A -

SAE -

UNS # % (a)
AISI #

C Mn P S

G11080 |1108 0.08-0.13 [0.50-0.80 [0.040 |0.80-

0.13

G11100 |1110 0.08-0.13 [0.30-0.60 [0.040 |0.08-

0.13

G11170 |1117 0.14-0.20 [1.00-1.30 [0.040 |0.08-

0.13

G11180 |1118 0.14-0.20 [1.30-1.60 [0.040 |0.08-

0.13

G11370 |1137 0.32-0.39 [1.35-1.65 [0.040 |0.08-

0.13

0.10-



@

Source

0.15-0.35%.

ASM Handbook

2B -

@

Source:

0.10%

G11390 |1139 0.35-0.43 |1.35-1.65 0.040 0.13-
0.20
G11400 |1140 0.37-0.44 |0.70-1.00 0.040 0.08-
0.13
G11410 |1141 0.37-0.45 |1.35-1.65 0.040 0.08-
0.13
G11440 |1144 0.40-0.48 |1.35-1.65 0.040 0.24-
0.33
G11460 |1146 0.42-0.49 |0.70-1.00 0.040 0.08-
0.13
G11510 |1151 0.48-0.55 |0.70-1.00 0.040 0.08-
0.13
4
1110 0.10%; 1117
Vol. 1, page 150, table 15. http://products.asminternational.org/hbk/index.jsp
SAE - % (a)
UNS #
AlISI #
C max| un p S Pb
G12110 1211 0.13 0.60-0.90| 0.07-0.12 | 0.10-0.15 -
G12120 1212 0.13 0.70-1.00| 0.07-0.12 | 0.16-0.23
G1230 1213 0.13 0.70-1.00| 0.07-0.12 | 0.24-0.33 -
G12150 1215 0.09 0.75-1.05| 0.04-0.09 | 0.26-0.35 -
G12144 | 12L14b 0.15 0.85-1.15| 0.04-0.09 | 0.26-0.35 | 0.15-0.35
4 12XX

ASM Handbook Vol. 1, page 151, table 16. http://products.asminternational.org/hbk/index.jsp

3A-

UNS #

SAE -
AISI #

%02

Mn

,max |S

, max

0.10-0.20%
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G15130 (1513 0.10-0.16 |1.10-1.40 |0.040 0.050
G15220 (1522 0.18-0.24 |1.10-1.40 |0.040 0.050
G15240 (1524 0.19-0.25 |1.35-1.65 |0.040 0.050
G15260 |[1526 0.22-0.29 |1.10-1.40 |0.040 0.050
G15270 |1527 0.22-0.29 |1.20-1.50 |0.040 0.050
G15360 [1536 0.30-0.37 |1.20-1.50 |0.040 0.050
G15410 |[1541 0.36-0.44 |1.35-1.65 |0.040 0.050
G15480 |[1548 0.44-0.52 |1.10-1.40 |0.040 0.050
G15510 |[1551 0.45-0.56 |0.85-1.15 |0.040 0.050
G15520 |[1552 0.47-0.55 |1.20-1.50 |0.040 0.050
G15610 |[1561 0.55-0.65 |0.75-1.05 |0.040 0.050
G15660 |1566 0.60-0.71 |0.85-1.15 |0.040 0.050
@ 4 5

Source: ASM Handbook Vol. 1, page 151, table 17. http://products.asminternational.org/hbk/index.jsp

3B -

UNs # | 2NET Yo
AlISI #
C Mn P ,max |S , max SAE #
G15240 |1524 0.18-0.25 ([1.30-1.65 |0.040 0.050 1024
G15270 |1527 0.22-0.29 (1.20-1.55 |0.040 0.050 1027
G15360 1536 0.30-0.28 [1.20-1.55 |0.040 0.050 1036
G15410 [1541 0.36-0.45 ([1.30-1.65 |0.040 0.050 1041
G15480 [1548 0.43-0.52 [1.05-1.40 |0.040 0.050 1048
G15520 [1552 0.46-0.55 ([1.20-1.55 |0.040 0.050 1052
@) 5

Source: ASM Handbook Vol. 1, page 151, table 18. http://products.asminternational.org/hbk/index.jsp
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% % %
@ 0.12 -
0.80 0.13
0.40 0.15
osone.
Lesind.
ooeing
o3,
oosind.
oS
0z,
s
(for bars) 0.15 0.15 0.08
(b) (©)
8;3 0.20 incl. 0.10
0.20%
(d) 0.15 0.35

11




0.10

0.005-0.003

1.10

1.10

0.01%

0.07-0.15 0.10-0.20 0.15-0.35 0.20-0.40

0.15-0.35

0.30-0.60

Source: ASM Handbook Vol. 1, page 141, table 1. http://products.asminternational.org/hbk/index.jsp

5.
% % %
(a)(b) 0.15 incl. 0.05
0.15 0.30 incl.0.30 0.06
0.30 0.40 incl 0.40 0.07
0.40 0.60 incl 0.60. 0.08
0.60 0.80 incl 0.80. 0.11
0.80 1.35incl 1.35. 0.14
0.50 incl. 0.20
0.050 1.15 incl 1.15. 0.30
1.15 1.65 1.65 incl. 0.35
0.08 incl. 0.03
0.08 0.15incl. 0.05
0.08 incl. 0.08 0.03
0.08 0.15 0.15 incl. 0.05
0.15 0.23 0.23 incl. 0.07
0.23 0.33 0.10
0.15 0.08
0.15 0.30 0.30 incl. 0.15
0.30 0.60 incl. 0.30
0.20%
@) 1.00% 1.00%
(b) 0.12

Source:  ASM Handbook Vol. 1, page 141, table 2. http://products.asminternational.org/hbk/index.jsp
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1A -

% %
Cc Mn P S Si Ni Cr Mo

UNS # | SAE # AISI #
G1330 (1330 (0.28- 1.60-1.90 (0.03 |0.040 |0.15-0.35 - - 1330
0 0.33 5
G1335 (1335 [0.33- 1.60-1.90 (0.03 |0.040 |0.15-0.35 - - 1335
0 0.38 5
G1340 (1340 (0.38- 1.60-1.90 (0.03 |0.040 |0.15-0.35 - - 1340
0 0.43 5
G1345 (1345 (0.43- 1.60-1.90 (0.03 |0.040 |0.15-0.35 - - 1345
0 0.48 5
G4023 (4023 [0.20- 0.70-0.90 |0.03 |0.040 |0.15-0.35 - - 4023
0 0.25 5
G4024 (4024 [0.20- 0.70-0.90 |0.03 |0.035 |0.15-0.35 - 0.20-0.30 4024
0 0.25 5 -

0.050
G4027 (4027 [0.25- 0.70-0.90 |0.03 |0.040 |0.15-0.35 - 0.20-0.30 4027
0 0.30 5
G4028 (4028 [0.25- 0.70-0.90 |0.03 |0.035 |0.15-0.35 - 0.20-0.30 4028
0 0.30 5 -

0.050
G4032 (4032 (0.30- 0.70-0.90 |0.03 |0.040 |0.15-0.35 - 0.20-0.30 -
0 0.35 5
G4037 (4037 [0.35- 0.70-0.90 |0.03 |0.040 |0.15-0.35 - 0.20-0.30 4037
0 0.40 5
G4042 (4042 |(0.40- 0.70-0.90 |0.03 |0.040 |0.15-0.35 - 0.20-0.30 -
0 0.45 5
G4047 (4047 [0.45- 0.70-0.90 |0.03 |0.040 |0.15-0.35 - 0.20-0.30 4047
0 0.50 5
G4118 (4118 (0.18- 0.70-0.90 |0.03 |0.040 |0.15-0.35 0.40-0.60 |0.08-0.15 4118
0 0.23 5
G4130 (4130 (0.28- 0.40-0.60 |{0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 4130
0 0.33 5
G4135 (4135 [0.33- 0.70-0.90 |0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 -
0 0.38 5
G4137 (4137 [0.35- 0.70-0.90 |0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 4137
0 0.40 5
G4140 (4140 (0.38- 0.75-1.00 |{0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 4140
0 0.43 5
G4142 (4142 [0.40- 0.75-1.00 |{0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 4142
0 0.45 5
G4145 (4145 (0.41- 0.75-1.00 |{0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 4145
0 0.48 5
G4147 (4147 [0.45- 0.75-1.00 |{0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 4147
0 0.50 5
G4150 (4150 (0.48- 0.75-1.00 |{0.03 |0.040 |0.15-0.35 0.80-1.10 |0.15-0.25 4150
0 0.53 5
G4161 (4161 [0.56- 0.75-1.00 |{0.03 |0.040 |0.15-0.35 0.70-0.90 |0.25-0.35 4161
0 0.64 5

13




G4320 (4320 |0.17- 0.45-0.65 |0.03 |0.040 [0.15-0.35 |1.65-2.00 |0.40-0.60 |0.20-0.30 4320
0 0.22 5

G4340 (4340 |0.38- 0.60-0.80 |0.03 |0.040 [0.15-0.35 |1.65-2.00 |0.70-0.90 |0.20-0.30 4340
0 0.43 5

G4340 (E4340 |0.38- 0.65-0.85 |0.02 |0.025 [0.15-0.35 |1.65-2.00 |0.70-0.90 |0.20-0.30 E4340
6 b 0.43 5

G4422 (4422 |0.20- 0.70-0.90 |0.03 [0.040 |0.15-0.35 |- - 0.35-0.45 -

0 0.25 5

G4427 (4427 |0.24- 0.70-0.90 |0.03 [0.040 |0.15-0.35 |- - 0.35-0.45 -

0 0.29 5

G4615 (4615 |0.13- 0.45-0.65 |0.03 |0.040 [0.15-0.25 |1.65-2.00 |- 0.20-0.30 4615
0 0.18 5

G4617 (4617 |0.15- 0.45-0.65 |0.03 |0.040 [0.15-0.35 |1.65-2.00 |- 0.20-0.30 -

0 0.20 5

G4620 (4620 |0.17- 0.45-0.65 |0.03 |0.040 [0.15-0.35 |1.65-2.00 |- 0.20-0.30 4620
0 0.22 5

G4626 (4626 |0.24- 0.45-0.65 |0.03 |0.04 |0.15-0.35 |0.70-1.00 |- 0.15-0.25 -

0 0.29 5 max

G4718 (4718 |0.16- 0.70-0.90 |- - - 0.90-1.20 (0.35-0.55 [0.30-0.40 4718
0 0.21

G4720 (4720 |0.17- 0.50-0.70 |0.03 |0.040 [0.15-0.35 |0.90-1.20 |0.35-0.55 |0.15-0.25 4720
0 0.22 5

G4815 (4815 |0.13- 0.40-0.60 |0.03 |0.040 (0.15-0.35 |3.25-3.75 |- 0.20-0.30 4815
0 0.18 5

G4817 (4817 |0.15- 0.40-0.60 |0.03 |0.040 (0.15-0.35 |3.25-3.75 |- 0.20-0.30 4817
0 0.20 5

G4820 (4820 |0.18- 0.50-0.70 |0.03 |0.040 [0.15-0.35 |3.25-3.75 |- 0.20-0.30 4820
0 0.23 5

G5040 (50B40c|0.38- 0.75-1.00 |0.03 [0.040 |0.15-0.35 |- 0.40-0.60 |- -

1 0.43 5

G5044 |(50B44c|0.43- 0.75-1.00 |0.03 [0.040 |0.15-0.35 |- 0.40-0.60 |- 50B44
1 0.48 5

G5046 (5046 |0.43- 0.75-1.00 |0.03 [0.040 |0.15-0.35 |- 0.20-0.35 |- -

0 0.48 5

G5046 |(50B46¢|0.44- 0.75-1.00 |0.03 [0.040 |0.15-0.35 |- 0.20-0.35 |- 50B46
1 0.49 5

G5050 (50B50c|0.48- 0.75-1.00 |0.03 [0.040 |0.15-0.35 |- 0.40-0.60 |- 50B50
1 0.53 5

G5060 (5060 |0.56- 0.75-1.00 |0.03 [0.040 |0.15-0.35 |- 0.40-0.60 |- -

0 0.64 5

G5060 (50B60c|0.56- 0.75-1.00 |0.03 [0.040 |0.15-0.35 |- 0.40-0.60 |- 50B60
1 0.64 5

G5115 (5115 |0.13- 0.70-0.90 |0.03 [0.040 |0.15-0.35 |- 0.70-0.90 |- -

0 0.18 5

G5117 (5117 |0.15- 0.70-0.90 |0.04 [0.040 |0.15-0.35 |- 0.70.90 - 5117
0 0.20

G5120 (5120 |0.17- 0.70-0.90 |0.03 [0.040 |0.15-0.35 |- 0.70-0.90 |- 5120
0 0.22 5

G5130 (5130 |0.28- 0.70-0.90 |0.03 [0.040 |0.15-0.35 |- 0.80-1.10 |- 5130
0 0.33 5

G5132 (5132 |0.30- 0.60-0.80 |0.03 [0.040 |0.15-0.35 |- 0.75-1.00 |- 5132
0 0.35 5

G5135 (5135 |0.33- 0.60-0.80 |0.03 [0.040 |0.15-0.35 |- 0.80-1.05 |- 5135
0 0.38 5
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G5140 (5140 (0.38- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |- 0.70-0.90 |- - 5140
0 0.43 5

G5147 (5147 |[0.46- 0.70-0.95 |0.03 |0.040 |0.15-0.35 |- 0.85-1.15 |- - 5147
0 0.51 5

G5150 [5150 (0.48- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |- 0.70-0.90 |- - 5150
0 0.53 5

G5155 [5155 [0.51- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |- 0.70-0.90 |- - 5155
0 0.59 5

G5160 [5160 [0.56- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |- 0.70-0.90 |- - 5160
0 0.64 5

G5160 [51B60c|0.56- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |- 0.70-0.90 |- - 51B60
1 0.64 5

G5098 |50100b|0.98- 0.25-0.45 |0.02 |0.025 |0.15-0.35 |- 0.40-0.60 |- - -

6 1.10 5

G5198 |51100b|0.98- 0.25-0.45 |0.02 |0.025 |0.15-0.35 |- 0.90-1.15 |- - E51100
6 1.10 5

G5298 |52100b|0.98- 0.25-0.45 |0.02 |0.025 |0.15-0.35 |- 1.30-1.60 |- - E52100
6 1.10 5

G6118 (6118 (0.16- 0.50-0.70 |0.03 |0.040 |0.15-0.35 |- 0.50-0.70 |- 0.10- 6118
0 0.21 5 0.15

G6150 (6150 (0.48- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |- 0.80-1.10 |- 0.15 min |6150
0 0.53 5

G8115 (8115 (0.13- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.20-0.40 |0.30-0.50 |0.08-0.15 |- 8115
0 0.18 5

G8145 (81B45c|0.43- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.20-0.40 |0.35-0.55 |0.08-0.15 |- 81B45
1 0.48 5

G8615 (8615 (0.13- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8615
0 0.18 5

G8617 (8617 [0.15- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8617
0 0.20 5

G8620 (8620 (0.18- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8620
0 0.23 5

G8622 (8622 [0.20- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8622
0 0.25 5

G8625 (8625 [0.23- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8625
0 0.28 5

G8627 (8627 [0.25- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8627
0 0.30 5

G8630 (8630 [0.28- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8630
0 0.33 5

G8637 (8637 [0.35- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8637
0 0.40 5

G8640 (8640 [0.38- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8640
0 0.43 5

G8642 (8642 |[0.40- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8642
0 0.45 5

G8645 (8645 (0.43- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8645
0 0.48 5

G8645 [86B45c|(0.43- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- -

1 0.48 5

G8650 (8650 [0.48- 0.75-1.00 |0.03 |0.040 |0.20-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- -

0 0.53 5

G8655 (8655 [0.51- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- 8655
0 0.59 5
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G8660 (8660 [0.56- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.15-0.25 |- -

0 0.64 5

G8720 (8720 (0.18- 0.70-0.90 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.20-0.30 |- 8720
0 0.23 5

G8740 (8740 [0.38- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.20-0.30 |- 8740
0 0.43 5

G8822 (8822 [0.20- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.40-0.70 |0.40-0.60 |0.30-0.40 |- 8822
0 0.25 5

G9254 (9254 [0.51- 0.60-0.80 |0.03 |0.040 |1.20-1.60 |- 0.60-0.80 |- - -

0 0.59 5

G9260 (9260 [0.56- 0.75-1.00 |0.03 |0.040 |1.80-2.20 |- - - - 9260
0 0.64 5

G9310 |9310b |0.08- 0.45-0.65 |0.02 |0.025 |0.15-0.35 |3.00-3.50 |[1.00-1.40 |0.08-0.15 |- -

6 0.13 5

G9415 [94B15c(0.13- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.30-0.60 |0.30-0.50 |0.08-0.15 |- -

1 0.18 5

G9417 [(94B17c|0.15- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.30-0.60 |0.30-0.50 |0.08-0.15 |- 94B17
1 0.20 5

G9430 (94B30c|0.28- 0.75-1.00 |0.03 |0.040 |0.15-0.35 |0.30-0.60 |0.30-0.50 |0.08-0.15 |- 94B30
1 0.33 5

@

(b)
(©).

0.35%,

0.25%,

0.20%

0.0005-0.003%.

Source: ASM Handbook Vol. 1, page 152-153, table 19. http://products.asminternational.org/hbk/index.jsp

1B - A S -SAE
0.35%, 0.25%, 0.20% 0.06%
% (a)
SAE # |UNS
C Mn Si (b) Ni Cr Mo
1330 G13300 0.27-0.34 |1.50-1.90 |0.15-0.30 |- - -
1335 G13350 0.32-0.39 |1.50-1.90 |0.15-0.30 |- - -
1340 G13400 0.36-0.44 |1.50-1.90 |0.15-0.30 |- - -
1345 G13450 0.41-0.49 |1.50-1.90 |0.15-0.30 |- - -
4118 G41180 0.17-0.23 |0.60-0.90 |0.15-0.30 |- 0.40-0.65 |0.08-0.15
4130 G41300 0.27-0.34 |0.35-0.60 |0.15-0.30 |- 0.80-1.15 |0.15-0.25
4135 G41350 0.32-0.39 |0.65-0.95 |0.15-0.30 |- 0.08-1.15 |0.15-0.25
4137 G41370 0.33-0.40 |0.65-0.95 |[0.15-0.30 |- 0.80-1.15 |0.15-0.25
4140 G41400 0.36-0.44 |0.70-1.00 |0.15-0.30 |- 0.08-1.15 |0.15-0.25
4142 G41420 0.38-0.46 |0.70-1.00 |0.15-0.30 |- 0.80-1.15 |0.15-0.25
4145 G41450 0.41-0.49 |0.70-1.00 |0.15-0.30 |- 0.80-1.15 |0.15-0.25
4340 G43400 0.36-0.44 |0.55-0.80 |0.15-0.30 [1.65-2.00 |0.60-0.90 [0.20-0.30
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E4340 G43406 0.37-0.44 |0.60-0.85 |0.15-0.30 1.65-2.00 0.65-0.90 |0.20-0.30
4615 G46150 0.12-0.18 |0.40-0.65 |0.15-0.30 1.65-2.00 - 0.20-0.30
4617 G46170 0.15-0.21 |0.40-0.65 |0.15-0.30 1.65-2.00 - 0.20-0.30
4620 G46200 0.16-0.22 |0.40-0.65 |0.15-0.30 1.65-2.00 - 0.20-0.30
5160 G51600 0.54-0.65 [0.70-1.00 |0.15-0.30 - 0.60-0.90 |-
6150 G61500 0.46-0.54 |0.60-0.90 |0.15-0.30 - 0.80-1.15 |-
8615 G86150 0.12-0.18 |0.60-0.90 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8617 G86170 0.15-0.21 |0.60-0.90 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8620 G86200 0.17-0.23 |0.60-0.90 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8622 G86220 0.19-0.25 |0.60-0.90 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8625 G86250 0.22-0.29 |0.60-0.90 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8627 G86270 0.24-0.31 |0.60-0.90 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8630 G86300 0.27-0.34 |0.60-0.90 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8637 G86370 0.33-0.40 [0.70-1.00 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8640 G86400 0.36-0.44 |0.70-1.00 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8655 G86550 0.49-0.60 [0.70-1.00 |0.15-0.30 0.40-0.70 0.35-0.60 |0.15-0.25
8742 G87420 0.38-0.46 |0.70-1.00 |0.15-0.30 0.40-0.70 0.35-0.60 |0.20-0.30

@) ; 0.035%  0.040%

0.01%;  -0.05%; - 0.05% (1.25%); 0.025%

(b) 0.10-0.20%  0.20-0.30%  0.35% ( )

© “E”

(d) 0.15%

Source:  ASM Handbook Vol. 1, page 227, table 3. http://products.asminternational.org/hbk/index.jsp
UNS c Mn Si cr Ni P S

201 $20100 0.15 5575 1.00 16.0-180 [3.5-55 |0.06 |0.03 0.25N

202 $20200 0.15 7.5-10.0 1.00 17.0-19.0 |4.0-60 |0.06 |0.03 0.25N

205 $20500 0.12-0.25 |14.0-155 |[1.00 16.5-180 |1.0-1.75 |0.06  |0.03 0.32-0.40 N

301 $30100 0.15 2.00 1.00 16.0-180 |6.0-8.0 |0.045 [0.03

302 $30200 0.15 2.00 1.00 17.0-19.0 [8.0-10.0 |0.045 [0.03

3028 $30215 0.15 2.00 2.0-30 [17.0-19.0 [8.0-10.0 |0.045 [0.03

303 $30300 0.15 2.00 1.00 17.0-19.0 [8.0-100 |0.20  [0.15 min |0.6 Mo (b)

303Se $30323 0.15 2.00 1.00 17.0-19.0 [8.0-100 |0.20  [0.06 0.15 min Se

304 $30400 0.08 2.00 1.00 18.0-20.0 |8.0-10.5 |0.045 |0.03

304H $30409 0.04-0.10  |2.00 1.00 18.0-20.0 |8.0-10.5 |0.045 [0.03

304L $30403 0.03 2.00 1.00 18.0-20.0 |8.0-12.0 |0.045 [0.03

304LN $30453 0.03 2.00 1.00 18.0-20.0 |8.0-12.0 |0.045 [0.03 0.10-0.16 N

302Cu $30430 0.08 2.00 1.00 17.0-19.0 [8.0-10.0 |0.045 [0.03 3.0-4.0 Cu

304N $30451 0.08 2.00 1.00 18.0-20.0 |8.0-10.5 |0.045 [0.03 0.10-0.16 N

305 $30500 0.12 2.00 1.00 17.0-19.0 |10.5-13.0 |0.045 [0.03
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308 S30800 0.08 2.00 1.00 19.0-21.0 10.0-12.0 | 0.045 0.03 -

309 S30900 0.20 2.00 1.00 22.0-24.0 12.0-15.0 | 0.045 0.03 -

309S S30908 0.08 2.00 1.00 22.0-24.0 12.0-15.0 | 0.045 0.03 -

310 S31000 0.25 2.00 1.50 24.0-26.0 19.0-22.0 | 0.045 0.03 -

310S S31008 0.08 2.00 1.50 24.0-26.0 19.0-22.0 | 0.045 0.03 -

314 S31400 0.25 2.00 1.5-3.0 |23.0-26.0 19.0-22.0 | 0.045 0.03 -

316 S31600 0.08 2.00 1.00 16.0-18.0 10.0-14.0 | 0.045 0.03 2.0-3.0 Mo

316F S31620 0.08 2.00 1.00 16.0-18.0 10.0-14.0 | 0.20 0.10 min |1.75-2.5 Mo

316H S31609 0.04-0.10 2.00 1.00 16.0-18.0 10.0-14.0 | 0.045 0.03 2.0-3.0 Mo

316L S31603 0.03 2.00 1.00 16.0-18.0 10.0-14.0 | 0.045 0.03 2.0-3.0 Mo

316LN S31653 0.03 2.00 1.00 16.0-18.0 10.0-14.0 | 0.045 0.03 2.0-3.0 Mo; 0.10-0.16 N

316N S31651 0.08 2.00 1.00 16.0-18.0 10.0-14.0 | 0.045 0.03 2.0-3.0 Mo; 0.10-0.16 N

317 S31700 0.08 2.00 1.00 18.0-20.0 11.0-15.0 | 0.045 0.03 3.0-4.0 Mo

317L S31703 0.03 2.00 1.00 18.0-20.0 11.0-15.0 | 0.045 0.03 3.0-4.0 Mo

321 S32100 0.08 2.00 1.00 17.0-19.0 9.0-12.0 |0.045 0.03 5 X %C min Ti

321H S32109 0.04-0.10 2.00 1.00 17.0-19.0 9.0-12.0 |0.045 0.03 5 X %C min Ti

330 N08330 0.08 2.00 0.75-1.5 |17.0-20.0 34.0-37.0 {0.04 0.03 -

347 S34700 0.08 2.00 1.00 17.0-19.0 9.0-13.0 |0.045 0.03 10 x %C min Nb

347H S34709 0.04-0.10 2.00 1.00 17.0-19.0 9.0-13.0 [0.045 0.03 8 X %C min - 1.0 max Nb

348 S34800 0.08 2.00 1.00 17.0-19.0 9.0-13.0 [0.045 0.03 0.2 Co; 10 x %C min Nb; 0.10 Ta

348H S34809 0.04-0.10 2.00 1.00 17.0-19.0 9.0-13.0 [0.045 0.03 0.2 Co; 8 x %C min - 1.0 max Nb; 0.10
Ta

384 S38400 0.08 2.00 1.00 15.0-17.0 17.0-19.0 | 0.045 0.03 -

405 S40500 0.08 1.00 1.00 11.5-14.5 - 0.04 0.03 0.10-0.30 Al

409 S40900 0.08 1.00 1.00 10.5-11.75 |0.50 0.045 0.045 6 X %C min - 0.75 max Ti

429 S42900 0.12 1.00 1.00 14.0-16.0 - 0.04 0.03 -

430 S43000 0.12 1.00 1.00 16.0-18.0 - 0.04 0.03 -

430F S43020 0.12 1.25 1.00 16.0-18.0 - 0.06 0.15 min | 0.6 Mo (b)

430FSe S43023 0.12 1.25 1.00 16.0-18.0 - 0.06 0.06 0.15 min Se

434 S43400 0.12 1.00 1.00 16.0-18.0 - 0.04 0.03 0.75-1.25 Mo

436 S43600 0.12 1.00 1.00 16.0-18.0 - 0.04 0.03 0.75-1.25 Mo; 5 x %C min - 0.70 max
Nb

439 S43035 0.07 1.00 1.00 17.0-19.0 0.50 0.04 0.03 0.15 Al; 12 x %C min - 1.10 Ti

442 S44200 0.20 1.00 1.00 18.0-23.0 - 0.04 0.03 -

444 S44400 0.025 1.00 1.00 17.5-19.5 1.00 0.04 0.03 1.75-2.50 Mo; 0.025 N ; 0.2+4 (%C+
%N) min - 0.8 max (Ti+Nb)

446 S44600 0.20 1.50 1.00 23.0-27.0 - 0.04 0.03 0.25N

329 S32900 0.20 1.00 0.75 23.0-28.0 2.50-5.00 | 0.04 0.03 1.00-2.00 Mo

403 S40300 0.15 1.00 0.50 11.5-13.0 - 0.04 0.03 -

410 S41000 0.15 1.00 1.00 11.5-13.5 - 0.04 0.03 -

414 S41400 0.15 1.00 1.00 11.5-13.5 1.25-2.50 | 0.04 0.03 -

416 S41600 0.15 1.25 1.00 12.0-14.0 - 0.06 0.15 min | 0.6 Mo (b)

416Se S41623 0.15 1.25 1.00 12.0-14.0 - 0.06 0.06 0.15 min Se

420 S42000 0.15 min 1.00 1.00 12.0-14.0 - 0.04 0.03 -

420F S42020 0.15 min 1.25 1.00 12.0-14.0 - 0.06 0.15 min | 0.6 Mo (b)
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422 S42200 0.20-0.25 [1.00 0.75 11.5-13.5 |0.5-1.0 ]0.04 0.03 0.75-1.25 Mo; 0.75-1.25 W; 0.15-0.3 V
431 S43100 0.20 1.00 1.00 15.0-17.0 |1.25-2.50 |0.04 0.03 -
440A S44002 0.60-0.75  |1.00 1.00 16.0-18.0 |- 0.04 0.03 0.75 Mo
440B S44003 0.75-0.95 |1.00 1.00 16.0-18.0 |- 0.04 0.03 0.75 Mo
440C S44004 0.95-1.20  |1.00 1.00 16.0-18.0 |- 0.04 0.03 0.75 Mo
PH13-8 |S13800 0.05 0.20 0.10 12.25-13.25 [7.5-8.5 ]0.01 0.008 2.0-2.5 Mo; 0.90-1.35 Al; 0.01 N
Mo
15-5PH | S15500 0.07 1.00 1.00 14.0-155 |3.5-5.5 |0.04 0.03 2.5-4.5 Cu; 0.15-0.45 Nb
17-4PH | S17400 0.07 1.00 1.00 15.5-17.5 |3.0-5.0 |0.04 0.03 3.0-5.0 Cu; 0.15-0.45 Nb
17-7PH | S17700 0.09 1.00 1.00 16.0-18.0 |6.5-7.75 |0.04 0.04 0.75-1.5 Al
Source: ASM Handbook Vol. 1, page 843, table 2. http://products.asminternational.org/hbk/index.jsp
Chapter 2
C
Mn
P Nil
S Nil Nil Nil
Si
, Nil
Ni
Cr
Mo
w
v
Ti
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Co Nil

Al

Zr
Cu
B
Cb
|
I Source:  U.S.S. Carilloy Steels, published by United States Steel Corporation, 1948
Chapter 3

101
1000,3000,4000 5000
HH”
1%

2% 5%

20


http://www.aluminum.org/

1000 - 99% ,

2000 - ;

2000 , ,
6000 , 2024

3000 - 1.5%
3003

4000 -

5000 -
0.8% 1.25%

3.5% 150°F (66°C)

6000 - 6061
2000 7000
T4
T6

7000 -
7075

Source: The Aluminum Association, Aluminum Standards and Data 1974-75. http://www.aluminum.org/

Chapter 4
S.AEE.
1-
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SAE e
1 b
1010 |- 788° -900° 121° -204°

1450-1650 250-400
1015 |- 788° -900° 121° -204°
1450-1650 250-400
1016  |900° -927° 788° -900° 121° -204°
1650-1700 1450-1650 250-400
1018  |900° -927° . 788° -900° 121° -204°
1650-1700 788" 1450 1450-1650 250-400
1019  |{900° -927° . 788° -900° 121° -204°
1650-1700 788" 1450 1450-1650 250-400
1020  |900° -927° . 788° -900° 121° -204°
1650-1700 788" 1450 1450-1650 250-400
1022 |900° -927° . 788° -900° 121° -204°
1650-1700 788" 1450 1450-1650 250-400
1026 |900° -927° . 788° -900° 121° -204°
1650-1700 788" 1450 1450-1650 250-400
1030  |900° -927° . 788° -900° 121° -204°
1650-1700 788" 1450 1450-1650 250-400
1109  |{900° -927° 760° -788° - 121° -204°
1650-1700 1400-1450 250-400
1117  |{900° -927° 760° -871° 788° -900° 121° -204°
1650-1700 1450-1600 1450-1650 250-400
1118  |900° -927° 760° -871° - 121° -204°
1650-1700 1450-1600 250-400
1513 |{900° -927° 788° 1450 - 121° -204°
1650-1700 250-400

1518 |- - - -
1522 |900° -927° 788° 1450 - 121° -204°
1650-1700 250-400
1524  |{900° -927° 788° 1450 - 121° -204°
(1024) 1650-1700 250-400
1525  |900° -927° 788° 1450 - 121° -204°
1650-1700 250-400
1526  |900° -927° 788° 1450 - 121° -204°
1650-1700 250-400
1527  |900° -927° 788° 1450 - 121° -204°
(1027) 1650-1700 250-400

) 500 F
@) 1118 1500

@)
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(4) 3%

Link S. A. E. International:

http://www.sae.org/
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S.AE.

2 -

SAE
F F F
1030 - - 857° -871°
1575-1600
1035 - - 843° -871°
1550-1600
1037 - - 829° -857°
1525-1575
10382 |- - 829° -857°
1525-1575
10392 |- - 829° -857°
1525-1575
10402 |- - 829° -857°
1525-1575
1042 - - 816° -843°
1500-1550
10432 |- - 816° -843°
1500-1550
10452 |- - 816° -843°
1500-1550
10462 |- - 816° -843°
1500-1550
10502 [871° -927° - 816° -843°
1600-1700 1500-1550
1053 871° -927° - 816° -843°
1600-1700 1500-1550
1060 871° -927° 760° -816° 857° -885°
1600-1700 1400-1500 1575-1625
1074 871° -927° 760° -816° 857° -885°
1600-1700 1400-1500 1575-1625
1080 871° -927° 760° -816° 857° -885°
1600-1700 1400-15003 1575-1625
1084 871° -927° 760° -816° 857° -885°
1600-1700 1400-15003 1575-1625
1085 871° -927° 760° -816° 857° -885°
1600-1700 1400-15003 1575-1625
1090 843° -900° 760° -816° 857° -885°
1550-1650 1400-15003 1575-1625
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)
)
©)
)

1095 843° -900° 760° -816° 857° -885°

1550-1650 1400-15003 1575-1625

1137 - - 843° -871°

1550-1600

1141 - 760° -816° 816° -843°

1400-1500 1500-1550

1144 871° -927° 760° -816° 816° -843°

1600-1700 1400-1500 1500-1550

1145 - - 802° -816°

1475-1500

1146 - - 802° -816°

1475-1500

1151 871° -927° - 802° -816°

1600-1700 1475-1500

1536 871° -927° - 816° -843°

1600-1700 1500-1550

1541 871° -927° 760° -816° 816° -843°

(1041) 1600-1700 1400-1500 1500-1550

1548 871° -927° - 816° -843°

(1048) 1600-1700 1500-1550

1552 871° -927° - 816° -843°

(1052) 1600-1700 1500-1550

1566 871° -927° - 857° -885°

(1066) 1600-1700 15751625

SAE 1030

Link S. A. E. International:  http://www.sae.org/
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S.AE.
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Basis of Calculation:

No. 7 Grain Size

Mean Carbon of Grade
Mean Manganese of Grade

Fig. 1 - Selection of Carbonizing Grades of Carbon
Steel on Relative Hardenability Basis

Link S. A. E. International:  http://www.sae.org/

S.AE.
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SAE
t °F F F
4012 900° -927°
1650-1700
4023 900° -927°
1650-1700
4024 900° -927°
1650-1700
4027 900° -927° - 121° -177°
1650-1700 250-350
4028 900° -927°
1650-1700
4032 900° -927°
1650-1700
4118 900° -927° - 121° -177°
1650-1700 250-350
4320 900° -927° -
1650-1700
900° -927° 829° -843° 121° -177°
1650-1700 1525-1550° 250-350
4419 900° -927°
1650-1700
4422 900° -927° - 121° -177°
1650-1700 250-350
4427 900° -927°
1650-1700
4615 900° -927°
1650-1700
4617 900° -927° - 121° -177°
1650-1700 250-350
4620 900° -927° 829° -843° 121° -177°
1650-1700 1525-1550° 250-350
4621 900° -927° 829° -843° 121° -177°
1650-1700 1525-15508 250-350
4626 900° -927°
1650-1700
4718 900° -927°
1650-1700
4720 900° -927° 829° -843° 121° -177°
1650-1700 1525-15508 250-350
4815 900° -927° - 121° -177°
1650-1700 250-350
4817 900° -927° 802° -829° 121° -163°
1650-1700 1475-1525 250-325
4820 900° -927° 802° -829° 121° -163°
1650-1700 1475-1525 250-325

27




5015 900° -927°
1650-1700
5115 900° -927° - 121° -177°
1650-1700 250-350
5120 900° -927°
1650-1700
6118 900° - 163° 325
8115 900° -927°
1650-1700
8615 900° -927°
1650-1700
8617 900° -927°
1650-1700
8620 900° -927° - 121° -177°
1650-1700 250-350
8622 1650-1700 816° -871° 9 121° -177°
1500-1600° 250-350
8625 900° -927° 816° -871° 8 121° -177°
1650-1700 1500-16008 250-350
8627 900° -927°
1650-1700
8720 900° -927°
1650-1700
8822 900° -927°
1650-1700
9310 871° -927° 788° -829° 8
1600-1700 1450-15258
788° -829° 9 121° -177°
1450-1525° 250-350
94B15 900° -927° - 121° -177°
1650-1700 250-350
94B17 900° -927° - 121° -177°
1650-1700 250-350
(1)
)
(3) 4 hr

)
©)
(©6)
()
®)
©)

1000-1250° F

4300

28
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http://www.sae.org/

SAE

Link S. A. E. International:  http://www.sae.org/
SAE 2 4 5
F F
1330 871°-927° 843° -900° 830° -857°
1600-1700 1550-1650 1525-1575
1335 871°-927° 843° -900° 816° -843°
1600-1700 1550-1650 1500-1550
1340 871°-927° 843° -900° 816° -843°
1600-1700 1550-1650 1500-1550
1345 871°-927° 843° -900° 816° -843°
1600-1700 1550-1650 1500-1550
816° -857° 829° -857°
4037 ) 1500-1575 1525-1575
816° -857° 829° -857°
4042 ) 1500-1575 1525-1575
788° -843° 816° -857°
4047 ) 1450-1550 1500-1575
4130 871°-927° 788° -843° 816° -871°
1600-1700 1450-1550 1500-1600
788° -843° 843° -871°
4135 ) 1450-1550 1550-1600
788° -843° 843° -871°
als7 ) 1450-1550 1550-1600
788° -843° 843° -871°
4140 ) 1450-1550 1550-1600
788° -843° 843° -871°
4142 ) 1450-1550 1550-1600
788° -843° 816° -843°
4145 ) 1450-1550 1500-1550
788° -843° 816° -843°
4lar ) 1450-1550 1500-1550
788° -843° 816° -843°
4150 ) 1450-1550 1500-1550
4161 788° -843° 816° -843° , 700 F, min
1450-1550 1500-1550
4340 871°-927° 788° -843° 816° -843°
1600-1700 1450-1550 1500-1550

29




£0B40 871°-927° 816° -871° 816° -843°
1600-1700 1500-1600 1500-1550
044 871°-927° 816° -871° 816° -843°
1600-1700 1500-1600 1500-1550
5046 871°-927° 816° -871° 816° -843°
1600-1700 1500-1600 1500-1550
E0B46 871°-927° 816° -871° 816° -843°
1600-1700 1500-1600 1500-1550
£0B50 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
5060 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
£0B60 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
5130 871°-927° 788° -843° 830° -857°
1600-1700 1450-1550 1525-1575
5132 871°-927° 788° -843° 830° -857°
1600-1700 1450-1550 1525-1575
5135 871°-927° 816° -871° 816° -843°
1600-1700 1500-1600 1500-1550
5140 871°-927° 816° -871° 816° -843°
1600-1700 1500-1600 1500-1550
5147 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
5150 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
5155 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
5160 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
£1B60 871°-927° 816° -871° 802° -843°
1600-1700 1500-1600 1475-1550
732° -788° 774° -802°
50100 i 1350-1450 1425-1475
732° -788° 816° -871°
51100 i 1350-1450 1500-1600
732° -788°
52100 ) 1350-1450
843° -900° 843° -885°
6150 i 1550-1650 1550-1625
61R45 871°-927° 843° -900° 816° -857°
1600-1700 1550-1650 1500-1575
8630 871°-927° 788° -843° 829° -871°
1600-1700 1450-1550 1525-1600
816° -871° 829° -857°
8637 i 1500-1600 1525-1575
816° -871° 829° -857°
8640 i 1500-1600 1525-1575
816° -871° 816° -857°
8642 i 1500-1600 1500-1575

30



http://www.sae.org/

)

).

©)
)
®)

s - is001600 | 15004575
86B45 - 811200:%30 8115?00:2225
a650 - 001600 | 15004575
sess - 001600 | 1475 1580
a660 - is001600 | 1475 1580
a740 - 001600 | 15251575
- : 15001650
- : 15001650
94830 871°-927° 788° -843° 843° -900°
1600-1700 1450-1550 1550-1625
110-1225
4340,5010051100 52100
Link S. A. E. International:  http.//www.sae.org/
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SAE.

%

%
0.30-0.37
0.40-0.42
0.45-0.50
0.50-0.60
1.02
_UNS_ AlSI 1 = = Quenchin
Designation | # ’ ’ g
e |
o
% e |
% e |
% e |
% e |
% e |
% e |
% e |
% e |
% e |
% e |
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Link S. A. E. International:
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SAE. 6-
SAE |AISI 1
# F F F
S40900 |409 i 843° -900° |- Air
1550-1650
704° -732° 2 |843° -900°
541000 | 410 1300-1350? 1550-1650
i i 954° -1010°
1750-1850
S41400 |414 649° 677° 2 |- i
1200-1250?
i i 954° -1010°
1750-1850
S41600 |416 704° -732° 2 |843° -900° |-
1300-1350? 1550-1650
i i 954° -1010°
1750-1850
S42000 |420 732° -788° 2 |843° -900° |-
1350-1450? 1550-1650
i i 982° -1010°
1800-1850
S42020 |420F 732° -788° 2 |843° -900° |-
1350-1450? 1550-1650
i i 982° -1010°
1800-1850
S43000 |430 760° -816° ¢ |- i i
1400-1500¢
S43020 |430F 677° -816° ¢ |- i i
1250-1500¢
S43100 |431 621° 663° 2 |- 982° -1038°
1150-1225? 1800-1900
S43400 |434
S43600 |436 760° -816° ¢ |- i i
1400-1500¢
S44002 | 440A
S44003 | 4408
S44004 |440C 732° -782° 2 |843° -900°  |1010° -1066°
3 1350-1440? 1550-1650 1850-1950
S44200 |442 782° -816° ¢ |- i i
1440-1500¢
S44600 |446 816° -900° 2 |- i i
1500-1650?
51501 |501 718° -746° 4 |829° -871°  |1600-1700
1325-1375¢ 1525-1600 871°-927°

)
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@
@ AB C

(4)

Link S. A. E. International:

http://www.sae.org/
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SAE. 7-

Proprietary

Designatio |# F F F
n
203-EZ 1 - 1010° -1121° |-
1850-
20501
303 Ma 1 - 1010° -1121° |-
1850-
20501
303 Pb 1 - 1010° -1121° |-
1850-
20501
303 Cu 1 - 1010° -1121° |-
1850-
20501
303 Plus X 1 704° -732° 2 |843° -900° 3 |-
(1300-13502) 1550-
16503
416 Plus X 11 - - 954° -1010°
1750-
18500

) ,

)
©)

Link S. A. E. International:  http://www.sae.org/
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@ (b)
°C °F °C °F °C [°F |HB
/h {/h

M1, M10 815- 1500-1600 (22 (40 (207-235
970

M2 870- 1600-1650 (22 (40 (212-241
900

M3, M4 870- 1600-1650 (22 (40 (223-255
900

M6 870 1600 22 |40 |248-277

M7 815- 1500-1600 (22 (40 (217-255
870

M30, M33, M34, M36, M41, 870- 1600-1650 (22 (40 (235-269

M42, M46, M47 900

M43 870- 1600-1650 |22 (40 (248-269
900

M44 870- 1600-1650 |22 (40 (248-293
900

T1 870- 1600-1650 (22 (40 (217-255
900

T2 870- 1600-1650 |22 (40 (223-255
900

T4 870- 1600-1650 (22 (40 (229-269
900

T5 870- 1600-1650 (22 (40 (235-277
900

T6 870- 1600-1650 |22 (40 (248-293
900

T8 870- 1600-1650 (22 (40 (229-255
900

T15 870- 1600-1650 (22 (40 (241-277
900

H10, H11, H12, H13 845- 1550-1650 (22 (40 (192-229
900

H14 870- 1600-1650 (22 (40 (207-235
900

H19 870- 1600-1650 (22 (40 (207-241
900

H21, H22, H25 870- 1600-1650 (22 (40 (207-235
900

H23 870- 1600-1650 (22 (40 (212-255
900

H24, H26 870- 1600-1650 (22 (40 (217-241
900

37




H41, H43 815- 1500-1600 (22 (40 (207-235
870
H42 845- 1550-1650 (22 (40 (207-235
900
D2, D3, D4 870- 1600-1650 (22 (40 (217-255
900
D5 870- 1600-1650 (22 (40 (223-255
900
D7 870- 1600-1650 |22 (40 (235-262
900
A2 845- 1550-1600 (22 (40 (201-229
870
A3 845- 1550-1600 (22 (40 (207-229
870
A4 740- 1360-1400 (14 (25 [200-241
760
A6 730- 1350-1375 |14 |25 (217-248
745
A7 870- 1600-1650 (14 (25 |(235-262
900
A3 845- 1550-1600 (22 (40 (192-223
870
A9 845- 1550-1600 (14 (25 (212-248
870
Al10 790 788° 765- 1410-1460 |8 |15 [235-269
1450 |795
o1 870 871° 760- 1400-1450 |22 (40 (183-212
1600 (790
02 845 843° 745- 1375-1425 |22 |40 (183-212
1550 |775
06 870 871° 765- 1410-1450 |11 (20 (183-217
1600 (790
o7 900 900° 790- 1450-1500 (22 (40 (192-217
1650 (815
S1 790- 1450-1500 |22 (40 |183-229(c)
815
S2 760- 1400-1450 |22 (40 (192-217
790
S5 775- 1425-1475 |14 |25 [192-229
800
S7 815- 1500-1550 (14 (25 (187-223
845
P2 730 1350-1500 (22 (40 [103-123
P3 815 1350-1500 (22 (40 [109-137
P4 870- 1600-1650 (14 (25 (116-128
900
PS5 845- 1550-1600 (22 (40 [105-116
870

38



http://products.asminternational.org/hbk/index.jsp

P6 845 1550 8 |15 [183-217
P20 900 900° 760- |1400-1450 |22 |40 |149-179
1650 |790
P21 900 900°
1650
L2 870-900 871° - [760- [1400-1450 |22 |40 [163-197
900° 790
1600-
1650
L3 900 900° 790- |1450-1500 |22 [40 |174-201
1650 |815
L6 870 871° 760- |1400-1450 |22 |40 |183-212
1600 [790
F1 900 900° 760- |1400-1475 |22 |40 |183-207
1650 |800
F2 900 900° 790- |1450-1500 |22 |40 |207-235
1650 |[815
W1, W2 790- 788° - [740-  |1360- 22 |40 [156-201
925(d) 927° 790(e) |1450(e)
1450-
1700(d)
W5 870-925 1600- 760- |1400-1450 |22 |40 |163-201
1700 790
871°-
927°
@ 15 1
(b) 1 4
© Si025 1.00 207- 229 HB
(d) 060 0.75°C, 815° C (1500° F); 0.75 ~ 0.90°C, 790° C (1450° F); 0.90  1.10°C, 870° C (1600° F);

110 140°C,870 925°F (1600  1700°F).

©) 06 090°C,740 790°C (1360 1450°F);0.90 140°C,760 790°C (1400  1450°F).

Source:  ASM Handbook Vol. 4, page 715, table 2. http://products.asminternational.org/hbk/index.jsp

temp,
min ()
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2150- 540- | 1000-
M1,M7, M10 730845 |1350-1550|1175-1220| o2 | 25 | O Aors | il | o0
2175- 540- | 1000-
M2 730845 |1350-1550|1190-1230| oot | 25 | O, Aors | il | o0
M3, M4
» M4, 1205- 2200- 540- | 1000-
M3f\)/]3|\233, 730845 |1350-1550| o0 | posomy | 25 | O AOTS | g | 1000
1175 2150- 540- | 1000-
M6 790 14501 10050y | 22000) | % | @ AOTS | s9se) | 1100(c)
1200- 2225- 540- | 1000-
M36 730845 |1350-1550| 7 | oz | 25 | OAOrS | ciit | o0
1190- 2175- 540- | 1000-
M41 730845 |1350-1550| 132 | yooamy | 25 | O A0S | cict | 100
1190- 2175- 510- | 950-
M42 730845 |1350-1550| 150 | poram | 25 | O A0rS | e | 11000
1190- 2175- 510- | 950-
M43 730845 |1350-1550| 1520 | ypoamy | 25 | O A0S | e | 11000
1200- 2190- 540- | 1000-
M44 730845 |1350-1550| 1o 0 | pog0my | 25 | OAOrS | ol | s
1190- 2175- 525- | 975-
M46 730845 |1350-1550| o0 | ppsmy | 25 | OAOrS | | o)
1180- 2150- 525- | 975-
M47 730845 |1350-1550| 1ooc | po0omy | 25 | O A0S | et | 1100a)
T1, T2, 815-870 1500-1600 | 1260- 2300- 25 |O,AorS |540- 1000-
4,78 1300(b) | 2375(b) 595(c)  |1100(c)
T5, 76 815-870 1500-1600 | 1275- 2325- 25 |0,AorS |540- 1000-
1300(b) |2375(b) 595(c)  |1100(c)
T15 815-870 1500-1600 | 1205- 2200- 25 |0,AorS |540- 1000-
1260(b) | 2300(b) 650(d)  |1200(d)
H10 815 1500 1010-1040]1850-1900 | 15- A 540-650 |1000-
40(e) 1200
H1L, H12 815 1500 995-1025 |1825-1875|15- |A 540-650 |1000-
40(e) 1200
H13 815 1500 995-1040 |1825-1900|15- |A 540-650 |1000-
40(e) 1200
H14 815 1500 1010-1065 | 1850-1950 | 15-  |A 540-650 |1000-
40(e) 1200
H19 815 1500 1095-1205 | 2000-2200 |25 |Aor O 540-705 |1000-
1300
H4L1, H43 730-845 1350-1550 ] 1095-1190 | 2000-2175[2-5 |0, AorS  |565-650 |1050-
1200
H42 730-845 1350-1550 | 1120-1220 | 2050-2225 [2-5 |0, Aor S |565-650 |1050-
1200
H21, H22 815 1500 1095-1205]2000-2200 |25 |Aor O 595-675 |1100-
1250
H23 845 1550 1205-1260 | 2200-2300 |25 |O, AorS |650-815 |1200-
1500
H24 815 1500 1095-12302000-2250 |2-5 |0, AorS  |565-650 |1050-
1200
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H25 815 1500 1150-1260 | 2100-2300 [2-5  |Aor O 565-675 | 1050-
1250
H26 870 1600 1175-1260 | 2150-2300 [2-5 |0, AorS |565-675 |1050-
1250
A2 790 1450 925-980 |1700-1800 [20-45 [A 175-540 |350-
1000
A3 790 1450 955-980 |1750-1800 [25-60 |A 175-540 |350-
1000
Ad 675 1250 815-870 |1500-1600 [20-45 |A 175-425 |350-800
A6 650 1200 830-870 |1525-1600 [20-45 |A 150-425 |300-800
A7 815 1500 955-980 |1750-1800 [30-60 |A 150-540 |300-
1000
A8 790 1450 980-1010 |1800-1850 [20-45 |A 175-595 |350-
1100
A9 790 1450 980-1025 |1800-1875 [20-45 |A 510-620 |950-
1150
A10 650 1200 790-815 |1450-1500 [30-60 |A 175-425 |350-800
o1 650 1200 790-815 |1450-1500[10-30 |O 175-260 |350-500
02 650 1200 760-800 |1400-1475[5-20 |0 175-260 |350-500
06 - - 790-815 |1450-1500 [10-30 |O 175-315 |350-600
07 650 1200 790-830 |1450-1525[10-30 |O or W 175-290 |350-550
845-885 |1550-1625
s1 - - 900-955 |1650-1750 [15-45 |O 205-650 |400-
1200
52 650(f) 1200(f)  |845-900 |1550-1650|5-20 |B or W 175-425 |350-800
S5 760 1400 870-925 |1600-1700[5-20 |O 175-425 |[350-800
871°-
927°
s7 650-705 1200-1300 [925-955 [1700-1750 |15-45 |A or O 205-620 |400-
1150
P2 900-925(g) | 1650- 830- 1525- 15 0 175-260 [350-500
1700(g)  |845(h)  |1550(h)
P3 900-925(g) | 1650- 800- 1475- 15 0 175-260 |350-500
1700(g)  [830(h)  |1525(h)
P4 900-925(g) |1775- 970- 1775- 15 |AorO 175-480 |[350-900
1825(g)  |995(h)  |1825(h)
P5 900-925(g) | 1650- 845- 1550- 15 O or W 175-260 |350-500
1700(g)  |870(h)  |1600(h)
P6 900-925(g) | 1650- 790- 1450- 15 |AorO 175-230 |350-450
1700(g)  |815(h)  |1500(h)
P20 870-900(h) |1600- 815-870 |1500-1600 |15 0 480- 900-
1650(h) 505()  |1100()
P21(j) p 705-730 |1300-1350 [60- |Aor O 510-550 |950-
180 1025
L2 - - W: 790- [W: 1450- [10-30 [O or W 175-540 |350-
845 1550 1000
0: 845- |O: 1550-
925 1700
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L3 - - W: 775-  |W: 1425- [10-30 [0 or W 175-315 |350-600
815 1500
0: 815-  |0: 1500-
870 1600
L6 - - 790-845 |1450-1550(10-30 |O 175-540 |350-
1000
F1, F2 650 [1200 |790-870 [1450-1600[15 |worB 175-260 |350-500
W1, W2, W3 565-650(k) | 1050- 760-815 [1400-155010-30 [B or W 175-345 |350-650
1200(k)
D1, D5 815 1500 980-1025 |[1800-1875[15-45 |A 205-540 |400-
1000
D3 815 1500 925-980 [1700-1800[15-45 |O 205-540 |400-
1000
D4 815 1500 970-1010 |[1775-185015-45 |A 205-540 |400-
1000
D7 815 1500 1010-1065 | 1850-1950 | 30-60 |A 150-540 |300-
1000
(a) O A B
(b) 15°C
©
(d)
(e) 1.2 30
(f)
(9
(h)
(1)
(j) P21
(k)
Source: ASM Handbook Vol. 4, page 716-717, table 3. http://products.asminternational.org/hbk/index.jsp
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Hardness - Rockwell C

10

200 600 1000
Tempering Temperature, Deg. F

The effect of carbon content on the
hardness of tempered carbon steel

Reprinted from Metals Engineering Institute
“Heat Treatment of Steel,” 1957
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4320

Source:

(F
760 | 788 | 816 | 843 | 871 | 900 | 927 | 954 | 982 |1010
14 14 15 15 16 16 17 17 18 18
00 50 00 50 00 50 00 50 00 50
1 0.008)0.010(0.012 {0.0150.018 |0.021 |0.0250.029 | 0.034 [0.040
2 0.011)0.014|0.017 {0.021 |0.025 | 0.030 {0.035]0.041 | 0.048 [0.056
3 0.014)0.017]0.021 {0.025|0.031 |0.037 |0.043 | 0.051 | 0.059 [0.069
4 0.0160.020 |0.024 [0.029 | 0.035|0.042 |0.050 | 0.059 | 0.069 [0.079
5 0.018)0.022 |0.027 {0.033 |0.04010.047 |0.056 | 0.066 | 0.077 [0.089
6 0.019)0.024 |0.030 {0.036 |0.043 10.052 {0.061 |0.072 | 0.084 [0.097
7 0.021)0.026 |0.032 [{0.039 | 0.047 10.056 |0.066 |0.078 |0.091 [0.105
8 0.022)0.028 |0.034 [0.041|0.050|0.060 {0.0710.083 |0.097 [0.112
9 0.0240.029 |0.036 [0.044 | 0.053 10.063 |0.075]0.088 |0.103 [0.119
10 0.025)0.031 |0.038 [0.046 | 0.056 |0.067 |0.079]0.093|0.108 [0.126
11 0.02610.033 |0.040 {0.048 | 0.059 10.070 {0.083 |0.097 |0.113 [0.132
12 0.027)0.034 |0.042 [0.051 | 0.061 |0.073 |0.0870.102 |0.119 [0.138
13 0.028)0.035[0.043 [0.053 | 0.064 |0.076 {0.090 | 0.106 |0.123 [0.143
14 0.029)0.037[0.045 [0.055 | 0.066 |0.079 {0.094 |0.110|0.128 [0.149
15 0.031)0.039|0.047 [0.057 |0.068 |0.082 |0.097|0.114|0.133[0.154
16 0.032)0.039 |0.048 [0.059 |0.071]0.084 {0.1000.117]0.137 [0.159
17 0.033)0.040|0.050 {0.060 |0.07310.087 |0.103|0.121 |0.141 [0.164
18 0.033)0.042 [0.051 [{0.062 |0.075]0.090 {0.106 |0.125|0.145 [0.169
19 0.034)0.0430.053 [0.064 |0.07710.092 |0.109|0.128 | 0.149 (0.173
20 0.035)0.044 |0.054 [0.066 |0.0790.094 {0.1120.131 |0.153 [0.178
21 0.0360.045 |0.055 [0.067 |0.081 |0.097 {0.114]0.134 |0.157 |[0.182
22 0.037)0.046 |0.056 [0.069 |0.083 10.099 {0.117]0.138 |0.161 [0.186
23 0.0380.04710.058 [0.070|0.085]0.101 {0.120|0.141 |0.164 [0.190
24 0.039)0.048 |0.059 [0.072|0.086 |0.103 |0.122|0.144 |0.168 [0.195
25 0.039)0.049 |0.060 {0.073 |0.088 10.106 {0.125]0.147]0.171 {0.199
26 0.040)0.050|0.061 {0.0750.090]0.108 |0.1270.150 | 0.175 [0.203
27 0.041)0.051 |0.063 [0.076 |0.092 10.110 |{0.130|0.153 |0.178 [0.206
28 0.042)0.052 |0.064 [0.078 |0.09410.112 |0.1320.155|0.181 [0.210
29 0.042)0.053 |0.065 [0.079 |0.095]0.114 |0.134|0.158 | 0.185 [0.214
30 0.0430.054 |0.066 {0.080|0.097 10.116 {0.137|0.161|0.188 |0.217
1700 11 0.083 0.100 16

Metal Progress, August 1943.
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Case Depth, Inches
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0.032
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/|

/Y,

1800 to 1625 F —
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1425 to 1450 F |

3

4

5 6 7

Time, Hours

Courtesy Armour Ammonia Division
Armour and Company
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Observed Hardness in Medium Alloy Steels
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w
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Hardness - Rockwell C
S
[ ]

N
o

0.10 0.20 0.30 040 0.50 0.60 0.70 0.80
Carbon Content in Percent (1000 psi)

The hardness of martensite (untempered)
as a function of carbon content

Courtesy of The United States Steel Corporation

Chapter 5
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100 1 x10-3
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-1 mba
- 1 mba - 10° mba
- 10° mba - 10°mba
- 10° mba - 10° mba

- 10°mba  10°mb

http://www.secowarwick.com/F&A.html
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nbar -

N
N+CH(CGH)
N+CHMH i tp. None
at nospher e N
endo.itp 10°- 10" N+H
10°-10* 1000 to 1500°C
10™ to 107
650 to 730°C
10" to 107
30-60
10 10° 700°C
NACHOHCH CGH
(or GH) tH
endo. +CH 4- 400 CH(+H)
etc 2-10 GH+H(+A) | 900 - 1100°C
NH or
NHHN(H) or
NH+Q(N) 0.5-10 N + H 490 - 570°C
NA+HACH( G
NH+endo or QO 0.5-10 ) Aq
H or N+H or
endo 10'-10° None 450° C
Hor N+H or
endo 10*-10° None 1200°C
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20

2 6 10 20
6 10 20
6 -
| =1.0-30 1” (25 mm) — 4” (100 mm)
h (e.g. M2 [AISI] up 3”7 (70 mm) — 4” (100 mm)
h (H11/H13 [AISI] etc.)
h (1.2080 [DIN] 80 mm/100 mm)
h (e.9. 1.2842 [DIN] - 25 mm/40 mm; 1.2550, accord DIN 20 mm)
h
h type 18/8
10 -
| =8.0-20 1” (25 mm) — 4” (100 mm)
6 bar  30-40%
h (e.g. O1, 02, O6, O7, 4140, 4340, 1.4140 [AISI] ) ,
20 - / -
| =04-10 1” (25 mm) — 4” (100 mm)
6 bar  80-150%
h
h
h
h
I 800 500 : TTT
1
I- 6,10 20BAR 10°
Materia 6/10/20 bar HRC

6 Bar
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1.2721-

L6

1.2767-
6F7

1.2510
01

1.2550
S1

1.2842
o2

1.2363
A2

1.2080

D3

1.2436

L6

1.2379
D2

1.2713
L6

1.2714

L6

1.2343

H11

1.2344
H13

59

Iﬁ

56

64

60

|

63

V

63

64
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65

63

56
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1.2365 50

1.2083 56
420

1.2316 50
(similar
422

1.3343 66
M2

) 374 | 1 2 0 0 0 0 0 0 0
1/ 1/ 3 4 4 5 6 7 7
( ) 2 4 3/4 | 1/2 | 1/4 3/4
LPC
1740 950
250 g/m2h
0.00315 0.8
1900 1050 1700-1800
950-980 , 1600-1700 871°-927° 880-930° C
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18CrNiMo7- 6 17HNM 840 -920
,0.5 11 840 -850
1
FineCarb™ - The method of Carburizing Steel in an Oxygen Free
Atmosphere Under Low Pressure 09
.9 Jamasco steel /Case depth to 0.3%C [mm]
INTERNAL OXIDATION  NO INTERNAL OXYGEN - \\\\ Epedepthto Rt
= \\\\ 2.0
51020
21000 \\\ 3 [l
JINAN A
20N N
¢ @
GAS CARBURIZING " YACUUM CARBURIZING 5 o0 H AN
- P \\o\i {)E\ \ .7 0.9 1.1
c
=
00 60 120 180 240 300 360 420 480 540 600
Time carburizing+diffusion [min]
16MnCr5
Chapter 6
Dph Khn* Bhn
c |[A [D [15N [30N [45N 10kg |500g & 300kg [10%psi ()
80 [92.0(86.5(96.5(92.0(87.0 1865 |- - -
79 [91.5(85.5 - 91.5186.5 1787 |- - -
78 [91.0(84.5(96.0(91.0(85.5 1710 |- - -
77 {90.5(84.0 |- 90.5184.5 1633 |- - -
76 [90.0(83.0(95.5(90.0(93.5 1556 |- - -
75 [89.5(82.5 |- 89.0182.5 1478 |- - -
74 [89.0(81.5(95.0(88.5(81.5 1400 |- - -
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73 |88.5(81.0(- 88.0(80.5 (- 1323 |- - -
72 |88.0(80.0({94.5|87.0|79.5]- 1245 |- - -
71 |87.0(79.5(- 86.5[78.5(- 1160 |- - -
70 |86.5(78.5(94.0(86.0|77.5]- 1076 |972 - -
69 [86.0(78.0({93.5|85.0|76.5]- 1004 | 946 - -
68 [85.5[77.0(- 84.5[75.5](- 942 1920 - -
67 |85.0(76.0({93.0(83.5|74.5]- 894 1895 - -
66 [84.5[75.5(92.5|83.0|73.0]- 854 870 - -
65 [84.0(74.5(92.0(82.0|72.0]- 820 |846 - -
64 [83.5(74.0(- 81.0(71.0(- 789 |822 - -
63 [83.0(73.0({91.5|80.0|70.0]- 763 799 - -
62 [82.5(72.5(91.0(79.0]69.0 - 739 |776 - -
61 [81.5(71.5(90.5|78.5|67.5]- 716|754 - -
60 [81.0(71.0({90.0|77.5|66.5]- 695 |732 614 |-
59 [80.5(70.0(89.5|76.5|65.5]- 675 |710 600 |-
58 [80.0(69.0 (- 75.5(64.0(- 655 690 587 |-
57 |79.5(68.5(89.0|75.0|63.0 - 636 670 573 |-
56 [79.0(67.5(88.5|74.0|62.0 - 617 |650 560 |-
55 |78.5(67.0(88.0|73.0|61.0]- 598 630 547 301
54 |78.0(66.0(87.5|72.0|59.5]- 580 |612 534 291
53 |77.5(65.5(87.0|71.0|58.5]- 562 594 522 282
52 |77.0(64.5(86.5|70.5|57.5]- 545 |576 509 |273
51 |76.5(64.0(86.0(69.5|56.0]- 528 |558 496  |264
50 |76.0(63.0(85.5|68.5|55.0]- 513 |542 484 1255
49 [75.5]62.0(85.0|67.5|54.0 |- 498 |526 472 1246
48 [74.5]161.5|84.5|66.5|52.5]- 485 |510 460 237
47 [74.0]60.5|84.0|66.0|51.5]- 471 1495 448 1229
46 [73.5]60.0(83.5|65.0|50.0 - 458 1480 437 1221
45 [73.0]59.0(83.0(64.0]49.0|- 446 466 437 214
44 [72.5]58.582.5|63.0|48.0 |- 435 452 426 1207
43 [72.0]57.5|82.0|62.0]46.5 |- 424 1438 415 1200
42 [71.5]57.081.5|61.5|45.5]- 413 426 404 1194
41 [71.0]56.0(81.0|60.5]44.5]- 403 414 393 |188
40 [70.5]55.5|80.5|59.5|43.0 |- 393 402 382 182
39 [70.0(54.5(80.0(58.5|42.0]- 383 391 372|177
38 [69.5(54.0(79.5|57.5|41.0]- 373 380 362  |171
37 [69.0(53.0({79.0(56.5|39.5]- 363 |370 342 166
36 [68.5[52.5(78.5|56.0|38.5]- 353 360 332 |162
35 [68.0(51.5(78.0(55.0|37.0]- 343 |351 322  |157
34 |67.5(50.5(77.0]{54.0|36.0]- 334 342 313 |1583
33 |67.0(50.0({76.5|53.0|35.0]- 325 [334 305 148
32 |66.5(49.0(76.0(52.0|33.5]- 317 |326 297 144
31 [66.0({48.5(75.5|51.5|32.5]- 309 |318 290 |140
30 [65.5[47.5(75.0]50.5|31.5]92.0 |301 |311 283 |136
29 |65.0(47.0(74.5(49.5|30.0|91.0 |293 [304 276|132
28 |64.5[46.0(74.0]48.5|29.0]90.0 |285 |297 270 129
27 164.0(45.5(73.5]47.5|28.0]89.0 |278 |290 265 126
26 |63.5[44.5(72.5(47.0]26.5|88.0 |271 [284 260 |123
25 63.0(44.0(72.0]46.0|25.5|87.0 |264 |278 255 120
24 162.5(43.0(71.5]45.0|24.0|86.0 |257 |272 250 |117
23 |62.0(42.5(71.0]44.0|23.0|84.5 |251 |266 245 115
22 |61.5(41.5(70.5|43.0|22.0|83.5 |246 |261 240 |112
21 |[61.0({41.0(70.0]42.5]20.0|82.5 |241 |256 235 [110
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[20 [60.5]/40.0[69.5[41.5[19.5[81.0 [236 [251 [230 [108
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B F |G 15T | 30T |45T |E H K A Khn*,|Bhn, |Bhn Strengt
500 kg|3000 |h
kg
500g {(10m [& Dph, |103 psi
& m 10kg (approx.
ball) )
100 |- [82.5]93.0(82.0|72.0]- - - 61.5|251 |201 240 116
99 |- [81.0/92.5|81.5[71.0|- - - 61.0 | 246 195 234 112
98 |- |79.0]- 81.0(70.0|- - - 60.0 [241 189 228 109
97 |- |77.5|92.0|80.5[69.0 - - - 59.5 | 236 184 222 106
96 |- |76.0|- 80.0(68.0 |- - - 59.0 [231 179 216 103
95 |- |74.0|91.5|79.0(67.0|- - - 58.0 | 226 175 210 101
94 |- |725]- 78.5[66.0 |- - - 57.5 221 171 205 98
93 |- |71.0/91.0|78.0[65.5|- - - 57.0 |216 167 200 96
92 |- [69.0/90.5|77.5[64.5|- - 100.0(56.5 211 163 195 93
91 |- |67.5]- 77.0(63.5]- - 99.5 |56.0 206 160 190 91
90 |- [66.0/90.0|76.0(62.5]- - 98.5 |55.5 201 157 185 89
89 |- [64.0|89.5|75.5[61.5|- - 98.0 |55.0 (196 154 180 87
88 |- [62.5]- 75.0(60.5 - - 97.0 |54.0192 151 176 85
87 |- 161.089.0|74.5[59.5]- - 96.5 |53.5/188 148 172 83
86 |- [59.088.5|74.0(58.5]- - 95.5 |53.0|184 |145 169 81
85 |- |57.5]- 73.5[58.0 |- - 94.5 |52.5180 142 165 80
84 |- |56.0|88.0|73.0(57.0|- - 94.0 |52.0 (176 140 162 78
83 |- |54.0|87.5|72.0(56.0]- - 93.0 |51.0173 137 159 77
82 |- |52.5]- 71.5[55.0|- - 92.0 |50.5 170 135 156 75
81 |- [51.0|87.0|71.0(54.0|- - 91.0 |50.0 167 133 153 74
80 |- [49.086.5|70.0(53.0|- - 90.5 [49.5]|164 |130 150 72
79 |- |47.5]- 69.5[52.0 |- - 89.5 [49.0 161 128 147 -
78 |- |46.086.0|69.0(51.0|- - 88.5 |48.5 158 126 144 -
77 |- |44.085.5|68.0(50.0 - - 88.0 [48.0 155 124 141 -
76 |- |42.5]- 67.5[49.0|- - 87.0 |47.0 152 122 139 -
75 199.|41.0(85.0|67.0(48.5|- - 86.0 |46.5 (150 120 137 -
5
74 199.|39.0 |- 66.0(47.5|- - 85.0 |46.0 (147 118 135 -
0
73 |98.|37.5|84.5|65.5(46.5 |- - 84.5 |45.5 (145 116 132 -
5
72 198.|36.0(84.0|65.0(45.5(- - 83.5 |45.0 (143 114 130 -
0
71 |97.|34.5 |- 64.0(44.5(100.0 |- 82.5 |44.5 (141 112 127 -
5
70 |97.|32.5(83.5|63.5|43.5(99.5 |- 81.5 |44.0 (139 110 125 -
0
69 |96.|31.0(83.0|62.5|42.5(99.0 |- 81.0 |43.5(137 109 123 -
0
68 |95.|29.5 (- 62.0(41.5(98.0 |- 80.0 |43.0 (135 107 121 -
5
67 |95.|28.0(82.5|61.5|40.5(97.5 |- 89.0 |42.5(133 106 119 -
0
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66 |94.|26.5|82.0|60.5(39.5|97.0 78.0 |42.0|131 104 117
65 24. 25.0 - 60.0|38.5(96.0 77.5 |- 129 102 116
64 83. 23.5|81.5|59.5(37.5|95.5 76.5 |41.5|127 101 114
63 23. 22.0|81.0|58.5(36.5|95.0 75.5 |41.0|125 99 112
62 82. 20.5 |- 58.0135.5(94.5 74.5 140.5|124 98 110
61 81. 19.0 (80.5|57.0134.5(93.5 74.0 |40.0|122 96 108
60 gl. 17.5(- 56.5|33.5(93.0 73.0 [39.5|120 95 107
59 80. 16.0 ({80.056.0|32.0(92.5 72.0 [39.0|118 94 106
58 SO. 14.5(79.5|55.0131.0(92.0 71.0 |38.5|117 92 104
57 29. 13.0 |- 54.5130.0(91.0 70.5 [38.0|115 91 103
56 29. 11.5(79.0|54.0129.0(90.5 69.5 |- 114 90 101
55 28. 10.0 ({78.5(53.0128.0(90.0 68.5 |37.5|112 89 100
54 g?. 85 |- 52.5|27.0(89.5 68.0 |37.0|111 87 -
53 27. 7.0 |78.0151.5(26.0(89.0 67.0 [36.5|110 86 -
52 26. 55 |77.5|51.0(25.0|88.0 66.0 |[36.0|109 85 -
51 26. 4.0 |- 50.5|24.0(87.5 65.0 |35.5|108 84 -
50 25. 25 |77.0|149.5(23.0|87.0 64.5 |35.0|107 83 -
49 25. - 76.5|49.0(22.0|86.5 63.5 |- 106 82 -
48 24. - - 48.5(20.5|85.5 62.5 [34.5|105 81 -
47 24. - 76.0|47.5(19.5|85.0 61.5 |34.0|104 80 -
46 23. - 75.5|47.0(18.5|84.5 61.0 |33.5|103 - -
45 22. - - 46.0(17.5|84.0 60.0 |33.0|102 79 -
44 22. - 75.0145.5(16.5|83.5 59.0 [32.5|101 78 -
43 gl. - 74.5145.0(15.5|82.5 58.0 [32.0|100 77 -
42 21. - - 44.0(14.5|82.0 57.5 [31.5|99 76 -
41 gO. - 74.0143.5(13.5|81.5 56.5 (31.0(98 75 -
40 ?9. - 73.5|43.0(12.5|81.0 55.5 |- 97 - -
5
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39 |79. - 42.0111.0(80.0 |- 54.5 (30.5(96 74
38 38. 73.0141.5(10.0(79.5 |- 54.0 (30.0 (95 73
37 ?8. 72.5140.5(9.0 (79.0 |- 53.0 [29.5|94 72
36 37. - 40.0(8.0 [78.5 [100.0(52.0 [29.0 (93 -
35 ?7. 72.0139.5(7.0 |78.0 [99.5 [51.5 [28.5(92 71
34 36. 71.5|38.5(6.0 |77.0 [99.0 [50.5 [28.0(91 70
33 ?5. - 38.0|5.0 |76.5 |- 495 |- 90 69
32 ?5. 71.0|37.5(4.0 |76.0 [98.5 [48.5 [27.5(89 -
31 34. - 36.5|3.0 [75.5 [98.0 |48.0 |27.0|88 68
30 ?4. 70.5]|36.0(2.0 [75.0 |- 47.0 |26.5]- 67
29 33. 70.0|35.5(1.0 [74.0 [97.5 [46.0 [26.0 |- -
28 ?3. - 34.5]- 73.5 [97.0 [45.0 [25.5(- 66
27 32. 69.5|34.0|- 73.0 [96.5 (44.5 [25.0(85 -
26 ?2. 69.0|33.0|- 72.5 |- 43.5 |24.5]- 65
25 31. - 32.5]- 72.0 [96.0 (42.5 |- - 64
24 30. 68.5|32.0|- 71.0 [95.5 (415 (24.0(- -
23 ?O. 68.0|31.0|- 70.5 |- 41.0 |23.5|82 63
22 29. - 30.5]- 70.0 [95.0 (40.0 [23.0 (- -
21 29. 67.5]|29.5]- 69.5 (94.5 (39.0 (22.5(- 62
20 28. - 29.0|- 68.5 |- 38.0 |22.0 - -
19 28. 67.0|28.5]- 68.0 [94.0 [37.5 [21.5(|79 61
18 27. 66.5|27.5]- 67.5 [93.5 [36.5 |- - -
17 26. - 27 |- 67.0 [93.0 [35.5 [21.0{- 60
16 26. 66.0|126 |- 66.5 |- 35.0 |20.5]- -
15 25. 65.5|25.5]- 65.5 [92.5 [34.0 [20.0(76 59
14 25. - 25 |- 65.0 [92.0 (33.0 |- - -
13 24. 65.0|24.0|- 64.5 |- 32.0 |- - 58
5
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Chapter 7

12 |64. 64.5)|23.5]- 64.0 [91.5 (31.5 - -
0

11 |63. - 23.0|- 63.5 [91.0 (30.5 73 -
5

10 |63. 64.0|22.0|- 62.5 [90.5 [29.5 - 57
0

9 62. - 21.5]- 62.0 |- 29.0 - -
0

8 61. 63.5]20.0|- 61.5 [(90.0 (28.0 71 -
5

7 61. 63.020.0|- 61.0 [89.5 (27.0 - 56
0

6 60. - 19.5]- 60.5 |- 26.0 - -
5

5 60. 62.5|18.5|- 60.0 [89.0 [25.5 69 55
0

4 59. 62.0|18.0|- 59.0 [88.5 [24.5 - -
5

3 59. - 17.0- 58.5 [88.0 [23.5 - -
0

2 58. 61.5]|16.5]- 58.0 |- 23.0 68 54
0

1 57. 61.0|16.0|- 57.5 [87.5 [22.0 - -
5

0 57. - 15.0]- 57.0 [87.0 (21.0 67 53
0

OF OC
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752 400 -
885 474
975 525 -
1077 581 -
1292 700
1472 800
1652 900
1832 1000
2012 1100
2192 1200
2372 1300
2552 1400
2732 1500
2912 1600
8
oF °C oF °C
Faint Yellow
370 188 460 238
Light Straw
390 199 510 265
Dark Straw
410 210 560 293
Brown
430 221 610 321
Purple
450 232 640 337
Dark Blue
490 254 660 349
Light Blue
510 265 710 376
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/ / 60
Cu. in. Cu. ft. Ibs. |°F BTU /lb. per°F
Ibs. BTU
166.7 1215 0.248
418.7 1166 0.054
611.5 418 0.033
536.6 1700-1850 0.104
522.2 1675 0.095
536.6 610 0.058
550.4 1981 0.104
1205.6 1945 0.033
0.2600 449.2 2100-2300 0.150
0.4105 709.5 621 0.032
0.0628 108.6 1204 0.272
Nickel 0.3177 556 2646 0.134
0.8184 1416.6 3191 0.032
0.3802 657.1 1761 0.063
0.3325 585.6 450 0.040
0.2816 486.7 2500 0.165
0.2632 454.8 449 0.069
0.2581 446.1 787 0.107
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1/8

4

D>

5
4~6
Shapes Speed Factor
Long cylinder (dia. =D) 1
Long square (D x D) 1
Long rectangle (D x 2D) 7
Long rectangle (D x3D) .6
Infinite plate ( very wide, thickness =D ) 5
Sphere (dia. =D) 15
Cube (DxDxD) 15

62
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@)

120° C 30 min. 55 min. |80 min. 15 min. 20 min. 30 min.
250°F
148° C 30 50 75 15 20 30
300°
176° C 30 50 70 15 20 30
350°
204° C 25 45 65 15 20 30
400°
260° C 25 40 60 15 20 30
500°

25 40 55 15 20 30
315° C°
371° C 20 35 50 15 20 30
700°
426° C 20 30 45 15 20 30
800°
482° C 20 30 40 15 20 30
900°
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http://www.astm.org/BOOKSTORE/PUBS/1377.htm
http://www.sae.org/pubs/

Source:

Carpenter Service Bulletin Vol. 2, No. 9.
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http://www.sae.org/pubs/

Heat Content, Btu/lb.

Heat Content of Metals at Various Temperature

500
450 j L
L ' 4V
400 . . -
Aluminum Die —J» ) >
Casting Alloy — Magnesium |/ o
350 92 Al 3 Cu | '1//,
300 .rn-- Iron &
/ Steel \ A
‘ I Copper
A
Aluminum T | '(, 1+ . Brass B
200 7 . }'/ 85 Cu152Zn —
4 D Bt
150 |
N Aluminum
100 Bronze
90 Cu 10 Al
B0

0 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Temperature, Deq. F
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80

C 16 HRC20

(1) SAE ASTM D A255

ASTM:  http://www.astm.org/BOOKSRE/PUBS/1377.htm

SAE Handbook: http.//www.sae.org/pubs/
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Cooling Rate, Deg. F per Second at 1300 Deg. F

o o 0 Te ) ¥ ™ T Q = I
@ O o 0O NMN~ONMO - e B
<t ™ -~ ~MOUYONN 0w ™ ™

w

=

Bar Diameter, In.
N

Rounds Quenched in
Mildly Agitated Oil

0 1 2 3 45678910 12141618 2024 32 48
Position on Jominy Bar - Sixteenths of In.

Cooling Rate, Deg. F per Second at 1300 Deg. F
S 8 3 ® Q~ooN®o :mgwg‘—g wa s i o
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’
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< &
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4 >/ <
74 DY AN S
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A

=

Bar Diameter, In.
N

Rounds Quenched in
Mildly Agitated Water i
0

0 1 2 3 45678910 12141618 2024 3248

Position on Jominy Bar - Sixteenths of In.
(From 1959 SAE Handbook, pg. 55)

SAE Handbook: http://www.sae.org/pubs/

67



Ya Ya 4 SAE AlSI

1
1. 1/16 39% HRC55.5
Initial Hardness (IH)
(RC Hardness at 1/16 in. From Quenched End)
65
"
w
60 - 7
,‘
@ 55 //
@ | ,
5 1
L} "
T 50 e
o AR — 1§ | — L 1
x /r"
S
45
o
/7
”
40
A0 .20 .30 40 .50
Carbon, Percent
(Courtesy of AISI)

(1) Based on the work of M.A. Grossman, AIME, February 1942, and J. Field, Metal Progress, March 1943.
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C Mn Si Ni Cr Mo
(%) 39 91 25 54 .56 .20
195 403 118 120 221 160
The product of these facrs is 3.93 DI.

3.93DlI

69
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Ideal Critical Diameter of Iron - Carbon Alloys, In.

32

.30

.28

.26

.24

W 5.

.20

.18

.16

14

Multiplying Factors for Carbon Per Grain Size

No. 4 Grain
.
" 4
/
A No.5
IA r
y 4 /'(
y . d
_ No. 6
H—A
V.
4 A No.7
7oA
_ ‘!/T
V.
)( = . ‘rNo.S
y4 Y.
4 4
4 *’ P4l
./’
y 4 V4 .
, l' 4
/ I/ pd
y 4
i ‘1‘<1 f’
Va4
y 4 V.
L4 7
p, A
v 4
-
10 .20 .30 40 50 .60

Carbon, Percent
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Multiplying Factor

Multiplying Factors for Alloying Elements

9.00 —
I'Manganese
f
8.00
[
/
f
7.00
/
6.00
5.00 T Chromium
/ '
4.00 A
/ Nickel
/ ;c e
3.00 —7
/ | Silicon| _{~
Molybdenum ricon o
2.00 —f, }1
/ A 4/'4
o ’——
A
1.0
0 1.00 2.00 3.00 4.00

Percent of Element
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http://products.asminternational.org/hbk/index.jsp

IH/DH

IH

DH

Ideal Critical Diameter (DI). In.

393 DI IH/DH 7.0
7.3 DI
IH/DH
Relation between DI and dividing factors
for various distances from quenched end.
!
7.00
6.00
|
i
L\ ]
5.00
\ \
\ \
RN\
\ NN
4.00 4
\
\Y ]
\ ‘
\
3.00 e
A I \\
NE LB LAY
e
AN
N N\
NN
2.00 A Y ALY N
\ O Ny
h
\‘ 34t 4 1L 1M1 1120134 2"
1.00 maT ™
|
1.00 2.00 3.00 4.00

Dividing Factor (IH / DH)
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IH 555

/16 - 55.5
Ya 1.03 54
Y 121 46
Ya 141 39.5
1 1.61 345
1Y 1.75 32
1% 1.84 30
1% 1.92 29
2 1.96 28,5

Source: Bethlehem Steel Co., “Modern Steel and Their Properties,” Seventh Edition.

...0.01 =30 0.01 =5
0.01 =8 ..0.01 =20
0.001 =4 0.01 =16
0001 =1 ... 001 =4

...0.01 =5 ..001 =4

...... 0.01 =4
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AISI C1030  AISI C1132

AlSI C1030 AlSIx1132
Carbon....... 30x30= 900 Carbon.......... 30x30= 900
Manganese....75x8= 600 Manganese....150x8= 1200
Phosphorus.....23x4=92 .. Phosphorus.....23x4=92
Sulfur.......... 27x1=27 Sulfur......... 112x1=112
Silicon.........20x5= 100 Silicon............ 20x5=100
1719 2404

TS.=Cx650+Mx90 +MxCx4+Px1000 + 38800

Source: Bethlehem Steel Catalog 107
ASM ASM Handbook, Vol. 4.

http://products.asminternational.org/hbk/index.jsp
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70°F  100°F
60 80  140°F 160°F
-459.0 0 0 100 100 1000
OC OF OC OF OC OF OC OF OC OF
273 |- - |o |32 |10.0]50 [122.0]38 |100 [212 [260 [500 [932
459. 17.8
4
-268 |-450 - |1 [33.8 [10.6|51 [123.8[43 110 [230 [266 [510 [950
17.2
262 [-440 - |2 |35.6 |[11.1]52 [125.6[49 |[120 [248 [271 [520 |[968
16.7
257 [-430 - |3 [37.4 |11.7|53 [127.4]54 |130 [266 [277 |530 986
16.1
-251 [-420 - |4 [39.2 [12.2]54 [129.2]60 [140 |284 |282 [540 [1004
15.6
246 |-410 - |5 [41.0 [12.8]55 [131.0|66 |[150 [302 [288 [550 [1022
15.0
-240 [-400 - |6 [42.8 [13.3]56 [132.8]71 [160 [320 [293 [560 [1040
14.4
-234 [-390 - |7 la4.6 |13.9]57 [134.6|77 170 [338 [299 [570 [1058
13.9
229 [-380 - |8 |46.4 [14.4|58 |136.4]|82 [180 [356 [304 [580 [1076
13.3
223 [-370 - |9 [48.2 [15.0]59 [138.2]88 [190 [374 [310 [590 [1094
12.8
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-218 |-360 - 10|50.0 |15.6|60 |140.0|93 |200 (392 |316 (600 (1112
12.2
-212 |-350 - 11|51.8 |16.1|61 |141.8|99 |210 (410 |321 (610 (1130
11.7
-207 |-340 - 12153.6 |16.7 |62 |143.6|100|212 (413. |327 (620 (1148
11.1 6
-201 |-330 - 13|55.4 |17.2|63 |145.4|104|220 (428 |332 (630 (1166
10.6
-196 |-320 - 141|57.2 |17.8|64 (147.2|110|230 (446 |338 (640 |[1184
10.0
-190 |-310 -9.4 115]59.0 |18.3 |65 [149.0(116[240 (464 [343 |650 1202
-184 |-300 -8.9 116160.8 [18.9|66 [150.8[121[250 (482 [349 |660 1220
-179 1-290 -8.3 |17162.6 [19.4 |67 [152.6[127[260 |500 [354 |670 1238
-173 |-280 -7.8 118164.4 |20.0|68 [154.4[132[270 |518 [360 |680 1256
-169 |-273 [-459.4 |-7.2 |19 |66.2 |20.6 |69 [156.2|138|280 [536 |366 [690 ([1274
-168 |-270 [-454 |-6.7 [20|68.0 |21.1|70 [158.0|143]290 (554 |371 (700 [1292
-162 |-260 [-436 |-6.1 [21|69.8 |21.7 |71 |159.8|149|300 (572 |377 (710 [1310
-157 |-250 [-418 |-5.6 [22|71.6 |22.2 |72 |161.6|154|310 (590 |382 [720 [1328
-151 |-240 [-400 |-5.0 [23|73.4 |22.8|73 |163.4|160)|320 (608 |388 [730 [1346
-146 |-230 [-382 |-4.4 [24|75.2 |23.3|74 [165.2|166|330 [626 |393 [740 (1364
-140 |-220 [-364 |-3.9 [25|77.0 |23.9|75 |167.0|171)|340 (644 ]399 [750 [1382
-134 |-210 [-346 |-3.3 [26|78.8 |24.4|76 |168.8|177|350 (662 404 [760 [1400
-129 |-200 [-328 |-2.8 [27|80.6 |25.0|77 |170.6|182|360 (680 410 (770 [1418
-123 |-190 [-310 |-2.2 [28|82.4 |25.6|78 |172.4]|188|370 (698 416 (780 [1436
-118 |-180 [-292 |-1.7 [29|84.2 |26.1|79 [174.2|193|380 [716 |421 [790 (1454
-112 |-170 [-274 |-1.1 [30|86.0 |26.7 |80 [176.0|199|390 (734 427 (800 [1472
-107 |-160 [-256 |-0.6 [31|87.8 |27.2 |81 |177.8|204]|400 (752 432 (810 [1490
-101 |-150 [-238 |0 32|89.6 |27.8|82 [179.6|210|410 (770 438 (820 [1508
-96  |-140 [-220 |0.6 [33|91.4 |28.3|83 |181.4)|216|420 (788 443 [830 [1526
-90 [-130 [-202 1.1 [34|93.2 |28.9|84 [183.2|221|430 [806 449 [840 ([1544
-84 |-120 [-184 |1.7 [35]|95.0 |29.4 |85 |185.0|27 |440 (824 454 [850 [1562
-79 |-110 [-166 |2.2 [36|96.8 |30.0 |86 [186.4]|232]|450 (842 460 [860 [1580
-73 |-100 [-148 |2.8 [37]|98.6 |30.6 |87 |188.6|238|460 (860 |466 (870 [1598
-68 [-90 [-130 |3.3 [38]100.4 |31.1 |88 [190.4|243]470 (878 |471 (880 [1616
-62 |-80 ([-112 3.9 [39]102.2 |31.7 |89 [192.21249|480 [896 |477 [890 (1634
-57 |-70 [-94 4.4 [40]104.0 132.2 |90 [194.012541490 [914 1482 [900 [1652
-51 |-60 [-76 5.0 [41]105.8 |32.8 |91 [195.8 488 [910 (1670
-46  |-50 [-58 5.6 [42]107.6 |32.3|92 [197.6 493 [920 (1688
-40 |-40 [-40 6.1 [43]109.4 133.9|93 [199.4 499 [930 [1706
-34 |-30 [-22 6.7 |441111.2 |134.4194 [201.2 504 940 |1724
-29 |-20 [-4 7.2 |45]113.0 |35.0|95 [203.0 510 |950 1742
-23 |-10 [14 7.8 |461114.8 |35.6 |96 [204.8 516 |960 1760
-17.8|0 32 8.3 |47]116.6 |36.1 |97 [206.6 521 |970 1778
8.9 |48]118.4 |36.7 |98 [208.4 527 |980 1796
9.4 1491120.2 |37.2|99 [210.2 532 [990 1814
37.81100|212.0 538 |1000 |1832
1000 2000 2000 3000
°C °F | °C °F °C °F °C °F
538 |1000 |1832 |816 [1500 [2732 1093 |2000 |3632 |1371 |2500 [4532
543 |1010 |1850 |821 [1510 [2750 1099 |2010 |3650 |1377 |2510 [4550
549 11020 |1868 |827 [1520 [2768 1104 (2020 |3668 |1382 |2520 [4568
554 |1030 |1886 |832 [1530 [2786 1110 |2030 |3686 |1388 |2530 (4586
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560 |1040 [1904 |838 [1540 |2804 |1116 |2040 |3704 |1393 |2540 [4604
566 |1050 |1922 |843 [1550 [2822 (1121 (2050 |3722 11399 |2550 [4622
571 |1060 |1940 |849 [1560 [2840 1127 (2060 |3740 |1404 |2560 [4640
577 |1070 |1958 |854 [1570 [2858 1132 |2070 |3758 |1410 |2570 [4658
582 |1080 |1976 |860 [1580 [2876 1138 |2080 |3776 |1416 |2580 [4676
588 |1090 [1994 |866 [1590 |2894 |1143 (2090 |3794 |1421 |2590 [4694
593 |1100 |2012 |871 [1600 [2912 |1149 (2100 |3812 (1427 |2600 [4712
599 |1110 |2030 |877 [1610 [2930 |1154 2110 |3830 |1432 |2610 (4730
604 |1120 |2048 |882 [1620 [2948 1160 |2120 |3848 (1438 |2620 [4748
640 |1130 |2066 |888 [1630 [2966 |1166 |2130 |3866 |1443 |2630 [4766
616 |1140 |2084 |893 [1640 |2984 1171 (2140 |3884 |1449 |2640 ([4784
621 |1150 |2102 |899 [1650 [3002 |1177 2150 |3902 11454 2650 [4802
627 |1160 |2120 |904 [1660 [3020 1182 (2160 |3920 |1460 |2660 [4820
632 |1170 |2138 |910 [1670 [3038 1188 |2170 |3938 |1466 |2670 [4838
638 |1180 |2156 |916 [1680 [3056 |1193 |2180 |3958 |1471 |2680 [4856
643 |1190 [2174 |921 |1690 |3074 1199 |2190 |3974 |1477 |2690 ([4874
649 |1200 |2192 |927 [1700 [3092 1204 (2200 |3992 11482 |2700 [4892
654 |1210 |2210 |932 [1710 [3110 |1210 |2210 |4010 |1488 |2710 (4910
660 |1220 |2228 |938 [1720 [3128 |1216 |2220 |4028 (1493 |2720 [4928
666 |1230 |2246 |943 [1730 [3146 1221 (2230 |4046 (1499 |2730 [4946
671 |1240 |2264 |949 |1740 |3164 1227 (2240 |4064 |1504 |2740 [4964
677 |1250 |2282 |954 [1750 [3182 (1232 2250 (4082 |1510 |2750 [4982
682 |1260 |2300 |960 [1760 [3200 1238 |2260 (4100 |1516 |2760 [5000
688 |1270 |2318 |966 [1770 [3218 1243 |2270 4118 |1521 |2770 [5018
693 |1280 |2336 |971 [1780 [3236 1249 12280 4136 |1527 |2780 [5036
699 |1290 |[2354 |977 [1790 |3254 (1254 12290 |4154 (1532 |2790 [5054
704 |1300 |2372 |982 [1800 [3272 1260 |2300 4172 |1538 |2800 [5072
710 |1310 |2390 |988 [1810 [3290 |1266 |2310 |4190 |1543 |2810 [5090
716 |1320 |2408 |993 [1820 [3308 1271 (2320 |4208 |1549 |2820 [5108
721 |1330 |2426 |999 [1830 [3326 1277 |2330 |4226 |1554 2830 [5126
727 |1340 |2444 |1004 1840 |3344 (1282 (2340 |4244 11560 |2840 (5144
732 |1350 |2462 |1010[1850 [3362 1288 |2350 |4262 |1566 |2850 [5162
738 |1360 |2480 |1016 (1860 [3380 1293 |2360 |4280 |1571 |2860 [5180
743 |1370 |2498 |1021 (1870 [3398 1299 |2370 |4298 |1577 |2870 [5198
749 |1380 |2516 |1027 (1880 [3416 1304 |2380 |4316 |1582 |2880 [5216
754 |1390 |2534 |1032|1890 |3434 |1310 |2390 |4334 |1588 |2890 ([5234
760 |1400 |2552 |1038 (1900 [3452 |1316 |2400 4352 |1593 |2900 [5252
766 |1410 |2570 |1043 (1910 [3470 |1321 (2410 |4370 |1599 |2910 (5270
771 |1420 |2588 |1049 1920 |488 1327 (2420 [4388 |1604 [2920 [5288
777 |1430 |2606 |1054 (1930 [3506 |1332 |2430 |4406 |1610 |2930 [5306
782 |1440 |2624 |1060[1940 |3524 |1338 |2440 |4424 11616 |2940 ([5324
788 |1450 |2642 |1066[1950 [3542 |1343 |2450 (4442 11621 2950 [5342
793 |1460 |2660 |1071 (1960 [3560 |1349 (2460 4460 11627 2960 [5360
799 |1470 |2678 |1077 (1970 [3578 1354 |2470 |4478 11632 |2970 [5378
804 |1480 |2696 |1082[1980 [3596 |1360 |2480 4496 11638 |2980 [5396
810 |1490 |2714 |1088|1990 |3614 |1366 |2490 |4514 11643 |2990 (5414

1093|2000 |3632 1649 |[3000 |5432
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1in. = 07355 in.
.036 Ibs./sq. in.
576 0z./sq. in.
Lin _ 13.596 in.
' 1.133 ft.
489 Ibs./sq. in.
7.855 0z./sq. in.
11b. = 27.78 in.
243 in.
1 oz = 1.736 in.
127 in.
1 ft. = 883 in.
432 Ibs./sq. in.
1 = 2.540
1 = 0.3937
1 =16. 387
1 = 0. 06102
1 = 0.0022
1 = 30. 480
1 =231
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Figure 1
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THERMAL CONDUCTIVITY
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Figure 2
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Cv=

CFH

= Btu/Hr.
=147+ psi.
°R =°F+ 460
5 /

TD. =

Q = 1360 V(P1-P;) Py

Cv GT

Q = SCFH @ 14.7 psia. and 60° F.

P = , PSIA.
P, = , PSIA.
T= R
G=
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C degree centigrade

cal calorie

cm centimeter

g gram

jd joule

kcal, Kcal - kilogram-calorie
Kg kilogram

I liter

m (meter)

mm (millimeter)

1sg. m = 10,000 sqg. cm = 1,000,000 sg. mm
1 kcal = 1000 cal = 4184 joules

1 m =100 cm = 1000 mm

1 kg/sg. cm = 10,000 kg/sg. m = 1000 cm
H20 = 735.6 mm Hg = 0.982 bars

1 cum = 1,000,000 cu cm =999.97 |

1 kg = 1000 g
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1 sq. mm = 0.00155 sq. in = 0.00001076 sq. ft
1sq.cm = 0.15 sg. in = 0.001076 sq. ft
1sq. m = 1550 sq. in = 10.76 sq. ft

1sg. in =645.16 sg. mm = 6.452 sg. cm = 0.0006452 sg. m
1sg. ft = 92,903 sq. mm = 929.03 sq. cm = 0.0929 sg. m

1g/cucm =0.036 Ib./cu in = 62.43 |b./cu ft

11Ib./cuin=27.68 g/cucm
11b./cu ft = 0.016 g/cu m

1 cal = 0.003967 Btu
1 kcal = 3.967 Btu
1 joule = 0.000948 Btu

1 Btu = 251.996 cal = 0.252 kcal = 1054.35 joules

1cal/g = 1.8 Btu/Ib.
lcal/g-°C=1Btu/lb-°F

1 cal/cu cm = 112.37 Btu/cu ft
1 kcal/cu m = 0.112 Btu/cu ft

1 Btu/lb. = 0.0556 cal/g
1Btu/lb-°F=1cal/g-°C
1 Btu/cu ft = 0.8898 cal/cu m = 8.898 kcal/cu m
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1 cal/hr-sq. cm = 3.687 Btu/hr-sq. ft
1 cal/hr-sq. cm = 1.082 watts/sq. ft

1 Btu/hr-sg. ft = 0.271 cal hr-sg. cm
1 kw/sq. ft = 925 cal/hr-sg. cm

1 mm = 0.03937 in = 0.003281 ft
1 cm = 0.3937 in = 0.03281 ft
1m=39.37in=3281ft

lin=254 mm=254cm=0.0254 m
1 ft =304.8 mm = 30.48 cm = 0.3048 m

1 kg/sg. cm =14.21 Ib./ sq. in = 29.0 in Hg = 393.72 in H20
19/sg. cm =0.01421 Ib./sq. in = 0.2274 0z/sg. in = 0.3936 in H20
1 mmHg=1rr=0.01933 Ib./sq. in

11b./sg. in = 0.0703 kg/sg. cm = 70.306 g/sg. cm = 703 mm H20
1 0z/sq. in = 0.00439 kg/sq. cm = 4.39 g/sq. cm = 44 mm H20
1in H20 = 0.00254 kg/sq. cm = 2.54 g/sg. cm

1linHg =0.4911b./sq. in = 25.4 rrs
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1 cal cm/hr-sg. cm - °© C = .0672 Btu ft/hr-sq. ft-° F
= 0.807 Btu-in/hr-sq. ft-° F

1 Btu ft/hr-sq. ft - © F = 14.88 cal cm/hrsq. cm-°C
1 Btu in/hr-sqg. ft - ° F = 1.24 cal cm/hr-sg.cm -° C

1 cm/sec = 0.393 in/sec
= 0.03281 ft/sec
= 1.9686 ft/min
1 m/sec = 39.37 in/sec
= 3.281 ft/sec
= 196.86 ft/min

1in/sec = 2.54 cm/sec = 0.0254 m/sec
1 ft/sec = 30.48 cm/sec = 0.3048 m/sec
1 ft/min = 0.508 cm/sec = 0.00508 m/sec

1 cucm =0.0610 cu in = 0.034 U.S. fluid oz
1cum=61,020 cuin =35.31 cu ft = 264.17 U.S. gal
11=61.025 cu in = 0.0353 cu ft = 0.264 U.S. gal

1 cuin =16.387 cu cm = 0.00001639 cu m = 0.0164 |
1 cu ft = 28,316.8 cu cm = 0.0283 cu m = 28.316 |
1U.S. gal = 3785.4 cucm = 0.003785 cum = 3785 |

19 =0.035 oz avdp
1 kg = 35.27 oz avdp = 2.204 Ib. avdp

1 oz avdp = 28.35 g = 0.02835 kg
1 Ib. avdp = 453.59 g = 0.4536 kg
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°0C =5/9 (°F-32)
OF =(9/5°C) + 32
oK =0C +273.15
OR =OF + 450.67

6.4516
0.0645
1,273,240
0.1550
0.0010764
15.500
0.0000007854
0.0929

0.001

(Av)

28.3495
0.03527
0.002205
0.453592
2.20462

(Av)
(Av)

(Av)

27.680
0.03613
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2.540

0.3937
30.48

0.0328
0.9144
1.0936
1.6094
0.6214

Btu/ /°F

/ /°C

/ /°C

Btu/ /°F
/ /°K

1.000
4.186
1.000
4.186
0.2389
0.2389
4186.82
0.0002388

/ /°C
/ /°C
Btu/ /°F
/ /°C
/ /°C
Btu/ /°F

/ /°K

Btu / /°F

(62°F)
(62°F)

(39.1°F)

(39.1°F)

8.337
62.369
0.036127
0.43352
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